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VOLUME IV 


SECTION II: INFECTIOUS DISEASES (Continued) 

CHAPTER XX 
YELLOW FEVER 

By Aristides Agramonte, M.D., Sc.D. 

Etiology, p. 1 — The yellow fever mosquito, p. 3 — Acclimatization 
fever, p. 9 — Race incidence, p. 9 — Age incidence, p. 10 — Endemicity, 
p. 10 — Immunity, p. 11 — Symptomatology, p. 11 — Diagnosis, p. 22 
— Differential diagnosis, p. 22 — Complications, p. 25 — Sequel®, p. 26 
— Mixed infection, p. 26 — Treatment, p. 27 — Prophylaxis, p. 27 — 
Curative treatment, p. 34 — ^Treatment of convalescence, p. 39 — Prog- 
nosis p, 40 — Pathology, p. 41 — History, p. 45 — Present geographical 
distribution, p. 46. 

Etiology. — The germ or causative agent of yellow fever has not 
been as yet demonstrated. Early investigators (Freire, Carmona, Finlay, 
Sanarelli, etc.), at one time or another thought they had discovered it 
in the form of some bacterial organism. Of all claimants in this direc- 
tion, perhaps the on^ who had the most semblance of truth was Sana- 
relli, witU his Bacillus icteroides^ while the organism most exploited, 
commercially, was the so-called Cryptococcus xanthogenicus of Freire, 
in Brazii* The latter had no scientific basis for his claims and, in fact, 
several organisms obtained by him were called by the same name and 
utilized for the supposedly immunizing vaccinations, bringing a 
fortune to the schemer and his followers. Sanarelli’s bacillus was shown, 
after painstaking and prolonged investigations by American bacteriolo- 
gists, to^ be an:||rganism belonging to the hog-cholera group of bacteria, 
and to have no connection with yellow fever; further, when it was found 

1 



2 YELLOW FEVER 

by the writer in autopsies of cases, the causes of their death had been 
foreign to yellow fever infection (dysentery, accidental drowning, etc.). 
More recently, the experiments hereinafter outlined have shown that 
the parasite of yellow fever cannot be a bacterium, but is more likely 
a protozoon. Dr. Harold Seidelin, who worked in Yucatan, Mexico, and 
afterwards became attached to the Liverpool School of Tropical Medi- 
cin^ thought that he had discovered an organism present in the blood 
of all cases of yellow fever, the exact morphology of which could not be 
established, since the description of the various stages of tl^e supposed 
parasite was so indefinite. His investigations are given in the different 
articles devoted to fix the guilt of yellow fever germ upon it. The 
fact that Dr. Seidelin found it in his own blood on three different oc- 
casions at varying intervals, presuming that he had suffered three attacks 
of yellow fever, without the symptoms of the disease, served more than 
anything else to cast serious doubt upon the identity of the so-called 
parasite. Besides this, the writer has shown the same bodies in impov- 
ei^shed blood from any other pathological conditions, which are cer- 
tainly nothing but nuclear fragments, chromatoid residue, etc., which, 
taking the Giemsa stain, particularly, have the appearance of blood 
parasites or protozoa when examined with the microscope and often are 
seemingly inside the red cell, but really only resting upon it, or under it. 
Finally, it has been shown that bodies identical with Seidelin ^s parasite 
are to be found in the blood of newborn guinea pigs in England, where 
no yellow fever exists, and also in most lal)oratory animals after an in- 
jection of blood from the same or other species. The recent investiga- 
tions, tending to ^establish the endemic presence of yellow fever on the 
West coast of Africa, have definitely settled the question against the 
claims put forth by Dr, Seidelin, who curiously enough had a share in 
the English Yellow Fever Commission (West Africa). 

The Rockefeller Foundation, which has done so much for the promo- 
tion of the medical sciences, took a hand in the proper direction towards 
eradicating yellow fever from the port of Guayaquil, in Ecuador, where 
the disease had acquired its stron!gest hold for more than a century. 
Coincident with the work undertaken by the Commission appointed to de- 
vise such means, applicable to the peculiar conditions of that city, that 
would finally stamp out the infection, much attention was paid to the 
question of the parasite or germ of the disease. In this connection, the 
research carried out by Dr. Hideyo Noguchi deserves the greatest con- 
sideration, inasmuch as he claimed to have found the real causative 
ag<ent of yellow fever, which he called Leptospira icteroides. 

As a result of the inoculation of blood taken fron^ yellow ^fever cases 
Noguchi^ obtained the development of a spirochete iil^ the blood and 
tissues of guinea pigs in a relatively small number of experimeii‘|s so 
made. This organism, the Leptosidra icteroides, has subsequently. 
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although rarely, with great difficulty and in very limited quantity, been 
seen in the blood of yellow fever patients by means of reflected light or 
dark-field examination. The organism is quite virulent for guinea pigs 
although it seems that a fairly large quantity of the culture is neces- 
sary to produce marked or fatal infection. Young dogs have been ar- 
tificially infected and also marmoset monkeys. Noguchi succeeded in 
obtaining afl infection of a guinea pig by the bites of mosquitoes that 
had taken blood from a case of yellow fever, but failed several other 
times as well as in his attempts to transmit the infection from one 
guinea pig to another. These animals seem to become protected 
against the Leptospira by the injection of serum from yellow fever 
convalescents. Guinea pigs that survive the inoculation with this 
organism regularly remain immune to subsequent inoculations with 
the same. 

The relation between Leptospira icteroides and the Leptospira 
icierohaemorrhagiae, the causative agent in infectious icterus (Weil’s 
disease), was studied by Noguchi, carrying out protective and Pfeiffer 
tests, the results of which convinced him that they are entirely different 
organisms: according to him, although some similarity does exist, it is 
not sufficiently remarkable to warrant their being considered as be- 
longing to the same species and he compares this similarity to that 
existing clinically between the two diseases in which, he says, they 
differ only in the predominance of some of the symptoms. 

The Leptospira icteroides has been profusely cultivated and strains 
have been obtained from Ecuador, Yucatan and Peru. Exj^erimental 
inoculations produce an infection characterized by icterus and hemor- 
rhagic tendencies, the organism often multiplying in great numbers in 
the blood, liver, spleen, etc. of the animals treated. The pathologic le- 
sions, in Noguchi’s opinion, are the same as those of yellow fever in 
man. 

A protective vaccine or serum has been prepared with the purpose of 
protecting non-iramune individuals in such districts as may be invaded 
by yellow fever or that may be considered endemic foci of the disease ; 
Tinfortunately, the protective inoculations have been tried so far in 
places where other prophylactic measures had also been implanted, so 
that their real benefit can only be conjectured. 

From all the data presented by Noguchi, it is evident that the Lep- 
tospira icteroides is a facultative saprophyte ; this has been lately cor- 
roborated by spontaneous infections that have taken place in animals 
and by experimental oral infection brought about by Lebredo in dogs, 
with a strain of the Leptospira which was obtained by him from 
Noguchi. If such is the case with the germ of yellow fever, we will 
have^to go back to the days of the dreaded ^^fomites,” a factor in the 
transmission of the disease that was definitely eliminated by the ex- 
periments of the IT. S. Army Board and those of Ross in Havana. 
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During the last eight years (since 1919), Dr. Noguchi has claimed 
specificity in yellew fever for his Leptospira icteroides, only to be 
definitely set aside as one more disappointment along with the many 
other so-called parasites previously presented by earlier investigators. 

With regard to this organism, it has been demonstrated: (1) that 
it is identical (as previously surmised by the writer) with Lepto- 
spira icterohaemorrhagiae [Weirs disease, showing crossed serologic 
reactions (Sellards, Theiler, etc.)] ; (2) that yellow fever convalescent 
serum does not protect against L. icteroides, while serum from cases 
convalescent of Weil’s disease does protect against both L. icteroides 
and L. icterohaemorrhagiae (Aitken, Connal, Gray, Smith, Sellards, 
etc.) ; (3) that L. icteroides gradually increases in numbers in the blood 
of inoculated animals, while the real yellow fever germ or virus dis- 
appears from the circulation at the third or fourth day of the disease; 
(4) that L. icteroides fails to infect mosquitoes so that, in due time, 
they may infect man (Sellards and Gay) ; (5) that L. icteroides is 
enabled to penetrate the unbroken skin and produce infection, while 
yellow fever has been shown to be noncontagious, even through cuts 
or abrasions of the skin (Lebredo). 

In view of this, it is natural that any vaccine or serum prepared 
with L. icteroides can be of no value, either protective or curative, as 
regards yellow fever. If such were the case, the death (May 21, 1928) 
of the great bacteriologist from that disease might have been pre- 
vented by his own vaccine or serum. 

The Rockefeller Commission in Lagos, Nigeria, since June (1928) has 
shown that the Macacus rhesus^ an Asiatic monkey, is quite susceptible 
and can be readily infected with yellow fever by the same means pre- 
viously emi)loyed by the TJ. S. Army Board with man in 1900—1901 
(Stokes, Hudson, Bauer). 

This commission carried out the following : 

1. Yellow fever was transmitted to M. rhesus. 

2. It was transmitted from man to monkey and from monkey to 
monkey by the injection of citrated blood, obtained at the beginning of 
the disease. It was also transmitted from monkey to monkey by the 
bites of Aedes aegypfk 

3. Once infected, the mosquitoes remained infective during their 
whole lifetime, which according to the commission’s observation extended 
beyond three months in some eases, and the bite of one single mosquito 
wa .3 enough to produce fatal infection in a monkey. 

4. The virus difj not pass, through the eggs, from one generation to 
another. 

5. While in the monkey’s circulating blood, the virus passed through 
Berkefeld filters V and N as well as Seitz’s asbestos, but not through the 
Berkefeld W. 
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^ 6. The virus was not filtrable while in the body of the mosquito. 

7. The clinical evolution of the disease and the lesions produced by 
the virus upon M, rhesus were similar to those of human yellow fever. 

8. Efforts to cultivate the virus from infectious blood or from filtered 
mosquito emulsions were unsuccessful. 

9. No spirochetes, Leptospira or any other organism were found in 
the tissues by Giemsa or Levaditi methods. 

10. Macacus sinicus was found only moderately susceptible to yellow 
fever. 

11. Chimpanzees and local African monkeys and guinea pigs were 
absolutely immune. 

This interesting work of the Rockefeller Commission, by finding a 
lower animal that is susceptible to j^ellow fever, opens a wide field for 
further investigation, so that monkeys’ convalescent yellow fever serum 
may be emploj^ed in the near future as a protective during epidemics and 
probably as a curative also in the early stages of the disease ; at the same 
time, it points out the danger of greater dissemination if the disease ever 
invades the Asiatic normal habitat of the M. rhesus. 

But if the parasite of yellow fever has not been demonstrated, its 
method of propagating the infection has been thoroughly elucidated by 
the experiments which showed its transmission through the bites of 
infected mosquitoes. 

As early as 1853, Dr. Louis Daniel Beauperthuy, a French West 
Indian physician and naturalist, pointed to the relation of mosquitoes 
and yellow fever, the absence of infection where mosquitoes did not 
abound and how, by destroying the mosquitoes or protecting against 
their stings, yellow fever could be eliminated, believing that the insects 
obtained their contamination from the swamps and stagnant waters 
where they are known to breed. Other physicians, in a manner more 
or less vague, seemed to see some connection between insects, mosquitoes 
and the spread of yellow fever infection, when it came into a favorable 
locality (Nott, King, Dowell), but nothing very definite can be found in 
the literature until 1881, when Dr. Carlos Finlay, of Havana, hypo- 
thetically considered the mosquito as the transmitter of yellow fever, 
from man to man, from the sick to the non-immune, thus serving to 
spread the infection. This theory, so happily conceived in the very 
* midst of one of the most dreaded epidemic foci, was doomed to remain 
uncorroborated for a period of twenty years. The errors natural to 
every newly formed idea clung to it and kept the genial originator from 
making it evident to the scientific world. Dr. Finlay made attempts .to 
inoculate individuals with mosquitoes which, we now know, were not 
infective, as he applied the insects to the sick at too late a period for 
them to derive contamination. He was not sure of the harmlessness of 
the excreta of yellow fever patients, even as late as 1899. At one time 
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he thought he had discovered the germ, a tetracoccus, which the mos- 
quito presumably injected after sucking the infected blood, etc. And 
so all these wrong premises, leading to his repeated failures and to 
general disbelief, only tended to discredit his theory, though, as we 
shall see, it was fundamentally correct. (Dr. Finlay’s writings are 
collected in a volume, “Trabajos Selectos, etc.,” published by the Cuban 
Government. It may be obtained free, on request.) 

In 1900, Surgeon-General Geo. M. Sternberg, U. S. Army, appointed 
a board of medical officers to investigate the infectious diseases in the 
Island of Cuba, and incidentally yellow fever, which had not abated in 
spite of the thorough sanitary work accomplished in Havana and larger 
cities. , The report of the work performed and the results obtained by 
the Board were published in 1901, and the history of the labor which 
culminated in the epoch-making demonstration was prepared by the 
writer, who is to-day the only survivor of that Board, and was pub- 
lished in Scientific Monthly , December, 1915 (q. v.). 

The experiments undertaken, subjected to the strict observance of 
the most exacting scientific rules, performed upon men who volunteered, 
some for love of humanity, others for a monetary consideration, were 
surrounded by all the safeguards imaginable that would make them, as 
they turned out to be, absolutely reliable. The findings were as follows : 

(1) It was determined that the guilty mosquito, as indicated by 
Finlay, belonged to a peculiar species, now known as A'edes aegypti, 
then classified as Stegomyia faciata, (To be described presently.) 

(2) The period during which the blood of a yellow fever case can 
contaminate the insect is during the first three days of the disease; it 
probably does not extend to the fourth day. 

(3) The mosquito, once contaminated, cannot transmit the disease 
even though he may sting during this interval, until after the twelfth 
day subsequent to its contamination. 

(4) The period of incubation in man does not extend beyond the 
sixth day after being stung by an infected mosquito. 

(5) The disease is strictly a blood disease and may be produced by 
subcutaneous injection of yellow fever blood (taken during the first three 
days of the disease), when administered to a non-immune individual. 

(6) The germ, whatever it may be, is filterable, that is, it passes 
through a porcelain filter that holds back bacteria. 

(7) The excreta (feces, vomit, urine, etc.) are incapable of trans- 
mitting the disease, either by contact or when taken into the body. 

These findings of the U. S. Army Board have been corroborated by 
various commissions appointed, which repeated the experiments in Cuba, 
Mexico and Brazil ; unfortunately, nothing new has been added to the 
etiology of this disease since the iniblication of their results in 1901. 

The writer has shown that the parasite is present in the blood serum 
allowed to separate naturally from the coagulum, and that it is not 
affected by an altitude of 7,800 feet. 

- The Yellow Fever Mosquito. — The separation of this genus from 
the great Culex family, into a group by itself, we owe to the eminent 
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English entomologist P. V. Theobald, who, while studying the insect 
CiUex facmtus, or Culex teniatus, found that it differed in many par- 
ticulars from the type of the genus in which it was then classified. 
More than twenty species of this genus, first known as Stegomyia and 
now under the name of Aedes, have been described by Theobald. 

The yellow fever transmitter, under the name of Aedes aegypti, has 
general characteristics as follows : 

The palpi are short in the female and long in the male, having four 
joints in the former and five in the latter. The head is completely eov- 
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Fig. 1. — AfiDES Aegypti (Female) (Meigen, 3827), the Transmitter of Yellow 
Fever, and Its Usual Pose While Stinging. (After Goeldi.) 

ered by an armor of broad and flat scales ; the mesothorax is covered by 
thin, curved or fusiforined scales; the scutellum (the trilobular plate 
between the mesothorax and the front of the metathorax) is covered 
always by broad flat scales over the central lobe, and often over the 
lateral lobes as well ; the ventrum is entirely covered by flat scales, with 
rings or without them, and with lateral white spots. The palpi in the 
female are small, never more than one-third the length of the proboscis, 
and usually smooth. The wings have venation similar to that of the 
typical Culex, but the forked cells are short. 

Aedes aegypti can be readily recognized with the naked eye. Upon 
the thorax, directly in front of the wing, may be seen lines, composed 
of white silvery scales, which in their distribution or arrangement as- 
sume the outlines of a lyre (the external line is thicker), with the foot 
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of the instrument towards the head of the insect; four distinct white 
lines appear upon the metanotum. The palpi in the male are even 
longer than the proboscis. The short palpi of the female have white 
ends. When the palpi are held together, their white tops give the 
impression of a ring around the base of the proboscis ; but this contains 
no ring whatever, being entirely black its whole length. The sides of 
the insect are dark brown with white spots. The abdominal segments 
have a white band about their bases, more evident upon the front or 
ventral aspect. The bases of the tarsi are white. The front claws in 






Fig. 2. — ASdes Aegypti (Male) (Meigen 1827). (After Goeldi.) 


the female have each a tooth upon the lower side ; in the male, only one 
of the claws has a tooth. 

Geographical Distribution. — Aedes aegypti is found extensively dis- 
seminated over all the cities of South America, as far as the Rio de la 
Plata, and in all those of Central America. Its presence has been dem- 
onstrated as far north as the 33® parallel of latitude on the Atlantic coast 
(Charleston). It is quite prevalent in the West India Islands, although 
in Cuba it was formerly met with only in the large cities of the coast. 
The facilities of communication throughout the interior of this island, 
the promotion of commercial enterprise and the great development ob- 
tained by the sugar industry, have all contributed in widely spreading 
the habitat of this mosquito. 

In Europe, specimens may be gathered in Portugal, Spain, South- 
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ern Italy and Greece. In Africa, this mosquito is spread through 
Morocco, Egypt, Algiers, along the Western coast and in some of the 
Eastern states. In Asia, it is found in Palestine, India, Indo-China, 
Siam and Japan. It is also found in many of the South Sea Islands 
and in Australia. 

Evolution and Life Eahits of the Mosquito , — The first insects that 
leave the water in their aerial stage are generally males; as soon as 
they emerge from the pupa skin, their tissues acquire rigidity, their 
wings dry and they begin to fly about. Immediately after, the males 
and females join each other, copulation taking place face to face, while 
flying, and lasting a period of time that may be fixed at 30 seconds, on 
the average. The male may be seen to repeat the act four or five times 
each with a different female, in as many minutes. The females may 
thus be said to become fecundated as soon as they begin aerial life. 

Three or four days after fecundation, seldom before that, the females 
of Aedes aegypii lay their eggs, after having sucked blood. Most ob- 
servers state that the ingestion of blood is necessary for ovulation. 
There is reason, however, to believe that in certain places mosquitoes 
lay their eggs without having had opportunity to bite any animal. The 
author finds among his notes records of two occasions on which eggs were 
obtained from cages where the mosquitoes had not been able to suck 
blood; these eggs, however, had little vitality and hatched in less pro- 
portion than those of mosquitoes nourished with blood. At all events, it 
is a fact that, as soon as the females are fecundated, they are in a condi- 
tion to bite and are anxious to do so. 

These mosquitoes deposit their eggs on the water, or so near to it 
that the slightest increase in the volume of the liquid will cause them 
to be wet and thus enable them to hatch out. I have seen a mosquito 
of this species lay its eggs in the following manner: 

After standing on the water with its legs well spread out and its 
abdomen curved downwards, it inclines (or dips) its entire body until 
it touches the surface of the water with its last abdominal segment- 
Then it straightens out its body, walks a few paces and stoops once 
more, touching the water with its ovipositor. This movement is re- 
peated numerous times (from twelve to twenty-two), and it seems to 
represent efforts which the insect makes at expelling the egg, because, 
after various attempts, it remains for a slightly longer period with its 
last abdominal segment in contact with the water, while a small white 
egg makes its appearance. In this way the mosquito lays on the average 
three eggs per minute, resting some thirty seconds after having de- 
posited six or eight eggs. The writer believes this manner of oviposition 
has not been described in any of the species which are connected with the 
infectious diseases. The eggs do not tend to crowd together, but re- 
main separated and if they are heaped, as in a test tube, for instance, 
they remain on the surface of the water with their long axes parallel. 

Brackish water is unfit for the development of the larvae and, besides, 
the mosquito prefers water that may be relatively clean. Like other 
Culicidee, this mosquito lays its eggs generally during the night, re- 
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maining persistently in the neighborhood of houses. It is never found 
hiding among shrubs, in the plains or in woods, and this fact explains 
why yellow fever has been held to be a domiciliary or house infection 
by the majority of observers. 

The eggs of Aedes aegypii, after being deposited in the water, turn 
to a uniform black color; they have an elongated cone-shaped form, 
rather flat on one side and are about one-half millimeter long. Their 
surface is checkered, as though the egg were surrounded by a fine reticu- 
lated membrane; this rugosity of the surface makes it retain minute 
bubbles of air which contribute in a very direct manner to keep it 
afloat. Any movement which shakes off these bubbles causes the egg 
to sink to the bottom; this notwithstanding, the egg does not lose the 
power of hatching and even does so after becoming dry for two or 
three days in the receptacle where it may be cultivated. Some eggs 
have hatched thirty days after they were laid and subjected to various 
desiccations. The average number of eggs laid each time is from 50 
to 60, though one mosquito has laid as many as 144 eggs at one sitting. 

The time required for the complete evolution of the egg depends upon 
various factors, the most important of which evidently are the season, 
the temperature of the air and the chemical composition of the water. 

Other conditions being equal, the season of the year no doubt exerts 
the most direct influence upon the rapidity with which the egg of this 
variety of mosquito will hatch ; the larvne certainly appear much sooner 
in summer than in the winter months. This may be due also to peculiar 
conditions of the parent insect at the time of the year. 

The process of hatching is retarded when the water is cooled to 13^^ C. 
(55^ P.), which also happens with the egg of other varieties of mos- 
quitoes. Certain inherent conditions of the medium appear to accel- 
erate or retard its evolution; for instance, the lye made by boiling 
ashes, prepared by washerwomen in the tropics to bleach linen, seems 
to be a favorite breeding material, the eggs developing there into larvae 
sooner than when laid on dirty, stagnant, surface water, though the 
latter contain a richer store of organic matter for their nourishment. 
The shortest period observed by us in the evolution of the egg, until 
the production of larvae, has been 15 hours, but this process generally 
lasts more than 36 hours, even taking three days, according to the en- 
vironment. When the hatching is interrupted by desiccation or any 
other circumstance, this period is considerably prolonged. 

The young Iwrvce escape from the eggs by an opening which takes 
place at their broader extremity. The differences between the larvae of 
Aedes and those of other Culwidcp are not many ; however, we have the 
buccal brush-like organs which are slightly more developed in Aedes 
and the respiratory syphon is a bit shorter, thicker and of a darker, 
almost black color, in the larvae of this genus. 

The larvae of Aedes molt three or four times before attaining their 
fullest development, when they are converted into the pupa or nymph; 
this change takes place, in summer, 8 days after hatching, and in winter 
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it takes from 12 to 14 days. A larval period of 20 days, though it has 
been observed, is exceptionally prolonged. 

The larvsB of this genus seem to be more vigorous than those of other 
Culicidce; they swim by means of undulatory movements of their entire 
body, aided by the hair-like bunches at each segment, remaining head 
downwards only a few minutes upon the surface of the water. They 
eat voraciously, darting from time to time to the bottom of the con- 
tainer, where they find the microscopic animals and plants and the 
organic matter upon which they feed. The most developed larvae re- 
main at the bottom for even four minutes ; the younger ones must ascend 
to the surface with greater frequency in quest of air, remaining there 
for a longer period. 

The larvjc of this species will not stand complete freezing, though 
not particularly affected by a temperature of 6° to 8° C. (43° to 46° P.) 
during four days. From an epidemiologic standpoint it is important 
to consider the possibility of the larvae being enabled to live outside 
of their natural element. The dry season in the countries of its habitat 
is never so extensive as to desiccate completely its breeding places, and, 
besides, some water containers can be found in the neighborhood of 
houses, in the backyards or gardens, such as flower-pots, empty cans, 
broken botlles, etc., constituting ideal breeding places. 

The pupa or mfrnph of Aedcs is but little different from that of 
other Culicidw: there is a slight elongation of the thoracic portion and 
greater thickness of the abdominal segment. This stage in the evolu- 
tion lasts for two or three days, during which time the insect does not 
feed, living a merely passive exist/cnce. At the end of this period, the 
covering breaks upon the dorsal side and allows the imago or perfect 
insect to emerge. We thus have a minimum period of evolution lasting 
10 days from the laying of the egg to the birth of the mosquito. 

The usual proportion of males to females born each time is 1 to 6, 
though sometimes even more in favor of the females. Rarely, the opposite 
takes place. 

The newly-bom fecundated females remain quiet during three or 
four days. It is seldom that this mosquito can be urged to bite before 
the third day ; after that, it generally lays its eggs. The mosquito will 
then suck blood at intervals of few days, as long as it lives. 

The longevity of the mosquito is an important question, since it 
bears very directly upon the prophylactic measures against yellow fever, 
particularly when new epidemic outbreaks occur after a long interval, 
without the possibility of new infectant cases having been introduced. 
Aedes calopus is a long-lived insect; one of our specimens, bom in the 
laboratory, lived from March to May, a period of 76 days, producing a 
case of experimental yellow fever 56 days after its having been infected. 
Another insect lived at “Las Animas’^ Hospital for 154 days. 

Very likely they do not attain to such an age while free in nature; 
they have their natural enemies among the animals and insects, besides 
being exposed to many accidents from which they are protected in our 
laboratories. Ants have wrought serious damage among our broods and 
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ruined our experiments more than once. The voracity with which 
dragon-flies devour mosquitoes is well known and some bats and night- 
birds destroy them in large quantity. Any injury causes their death 
and they never survive the loss of a leg, antenna or palpus. 

The nourishment of the male mosquitoes consists essentially of the 
juice of plants, the honey of flowers and water, it being materially im- 
possible for them to penetrate the tissues of animals on account of the 
anatomical configuration of their proboscides. The caged females also 
may be fed upon fruit juices for a time, but they cannot live very long 
without extracting blood from some animal. They sting at any hour of 
the day or night, but preferably at twilight. 

The author considers this mosquito incapable of undertaking long 
flights, but, aided by the wind, it may wander as much as 500 meters 
from its birthplace. Other more probable means of transportation are 
the railroad cars (not the sleeping cars, but the closed freight and 
passenger cars), and the staterooms of vessels (both steamer and sailing 
craft). It is less likely for a mosquito to be carried alive from one 
point to another in the baggage of passengers, unless it remains shut up 
in a box that will have enough space inside to permit the insect freedom 
from contact with the other contents, since the delicate structure of 
the mosquitoes renders them liable to be killed by any blow or pressure 
they may receive inside of baggage of any kind. 

Acclimatization Fever. — There really is no fever that may be 
rightly assumed to protect against this disease, except yellow fever 
itself. Early writers evidently mistook the mild attacks suffered by 
newcomers in an infected locality as representing another form of pro- 
tective pyrexia. The name of ‘‘inflammatory fever'’ was also given to 
such conditions probably on account of the sudden onset, with general 
congestion, which marks the early symptoms of the disease. These terms 
are little used now by modern observers and the sooner they are dropped 
from the nomenclature the better. 

Race Incidence. — It cannot be positively asserted that any one race 
or people is immune to yellow fever, but the most experienced students 
of this disease are of the opinion that the Chinese seem to present some 
remarkable resistance to the germ. During the later days of slavery, 
thousands of Chinese laborers were introduced in the Spanish colonies 
to supplant the negro labor in the plantations, as well as in the cities 
of Cuba, yet during extensive epidemics of yellow fever no cases were 
observed among the Chinese. It is likely that some may have escaped 
observation, but if that is the case, the proportion of cases must have 
been very low. Not having been transported to the Far East, the dis- 
ease in this connection has not been subjected to a final test. During 
severe epidemics of yellow fever, the negro population has been severely 
attacked. Such was the case in the great epidemic of Philadelphia and 
has been in Barbados, but usually the blacks are attacked in less pro- 
portion than the whites, and in a general way, the disease seems to run 
a milder course, being less fatal. The English Yellow Fever Commis- 
sion found that in West Africa they could recognize two forms of the 
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disease, one more severe, often fatal, affecting the foreign white popu- 
lation and another milder, rarely causing death, attacking mainly the 
natives. This lesser susceptibility of the negro race has been observed 
in epidemics occurring in the United States and some West India islands; 
no case has been recorded in* a Cuban negro. 

It may be safely stated that every white man coming for the first time 
within the area of a yellow fever focus is liable to become infected at 
any moment and the susceptibility is not greater among the northern 
races than among the more tropical ones. Scandinavians and Syrians, 
Russians and Italians are as easily and gravely infected when exposed. 

Age Incidence. — The old and the young suffer from yellow fever, 
though probably not in the same relative proportion. It is a fact that 
during epidemics the greater number of cases range in age from the 
fifteenth to the forty-fifth year, but this may be due in a measure to the 
low population ratio before and after those ages and also because the 
older inhabitants of a given locality may have obtained their immunity 
during a previous epidemic. 

In children the disease usually runs a milder or an atypical course ; 
such has been the experience of investigators, in America and the late 
reports of the endemic West Africa foci seem to bear this out. In Cuba 
the disease was rather frequently seen in native children, from two to 
ten years of age, under the name of ‘‘fiebre de borras,’' proving fatal 
m many instances; with the disappearance of yellow fever from the 
island, this other has not been seen again. It is very likely, if, as sur- 
mised, the disease often assumes a mild character in children, they 
suffer their attack unrecognized or mistaken for some gastro-intestinal 
trouble, thus obtaining immunity and explaining this condition so char- 
acteristic in the native-born, be he white or black, in communities where 
the disease has been endemic. 

Endemicity. — The prevalence of yellow fever in a country or com- 
munity has been due undoubtedly to the coexistence of the transmitting 
mosquito and cases of the disease, recognized as such or unrecognized, 
in greater or lesser number. It is often seen that epidemics apparently 
end at a certain period of the year; then weeks or even months may 
elapse, when another epidemic is started seemingly without the intro- 
duction of new infection. This has led some observers to believe that 
another host than the mosquito and man may be responsible for main- 
taining the infection in a latent state. We are convinced, however, that 
no other explanation can be as satisfactory and none certainly more 
logical than the one given in numerous writings upon the matter, which 
is, that the infection is kept up in a community, when not in epidemic 
form, by so-called sporadic or isolated cases, occurring during the in- 
tervals between epidemics and principally by the disease preying upon 
young children, in whom it is not recognized as yellow fever, or is mis- 
taken for some type of gastro-intestinal infection. 

In Cuba, during the yellow fever years, we had numerous cases of 
fever, with more or less “black vomit,” in children and native adult 
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Cubans, which were called ^^fiebre de borras”; since the stamping out 
of yellow fever, these cases have also disappeared. 

The coexistence of yellow fever with an increase in the infant mor- 
tality from all causes, showing the relation of the disease with young 
children, has been ably presented by Dr. J.‘ Guiteras, not only in Cuba, 
but also in Venezuela and elsewhere. By keeping down the proportion 
of mosquitoes in any locality the endemicity of yellow fever has been 
repeatedly abolished. 

Immunity. — ^As suggested above, only an acquired immunity can be 
accepted, since a racial immunity cannot be said to have been proven in 
any case. Prom the data at hand, a greater or lesser susceptibility may 
be appreciated, but no natural immunity has been observed. It is safe 
to believe in the probability of a previous unrecorded attack in cases 
where repeated exposures seem to point to a natural immunity. When 
the disease has disappeared from a locality during several years, its 
new advent has been accompanied by wide-spread dissemination among 
the natives as well as foreigners, regardless of race (Philadelphia, Bar- 
bados, Trinidad). 

On the other hand, the immunity conferred by one attack is suffi- 
ciently lasting to carry through man’s usual span of life. Like in 
other infectious diseases, known to protect very efficiently against sub- 
sequent attacks (scarlet fever, measles, whooping-cough, mumps, etc.), 
now and then we sec a case in which the attack has been repeated. This 
is exceptional, and the possibility of an erroneous diagnosis of the first 
attack is always to be considered. Multiple repetitions of yellow fever 
attacks in the same individual can hardly be accepted. Those who op- 
pose this theory (Marchoux, Simond, Seidelin) base their opinion upon 
the observance of cases of fever of short duration without explicable 
cause. Inasmuch as there is as yet no definite tangible means of making 
a positive diagnosis in any mild case of yellow fever, they may have 
been due to other less severe and more elusive infections. 

Some observers believe that prolonged absence from a yellow fever 
focus will cause a gradual loss of the immunity previously acquired 
and although the limit of such a period has never been clearly deter- 
mined, it is quite possible that a child removed for a decade from an 
endemic area may develop a second attack upon his return, since the 
antibodies formed at the time of the attack in childhood, through the 
natural evolution into manhood, may have been lost or destroyed, sup- 
posing that he had already suffered an attack when removed. Had this 
not occurred, the liability to infection would be quite natural and as 
great as in any foreigner non-immune. 

Symptomatology. — General Description. — During the period of in- 
cuhakion, which may be from, a few hours to six and a half days, it 
cannot be said that yellow fever manifests itself in any way ; there seem 
to be no prodromes. This has been demonstrated in the experimental 
C€ises produced by the United States Army Board, by the various com- 
missions that followed upon its footsteps and also by the observation of 
special cases in well-known and limited epidemics. 
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The onset is rather sudden, the initial symptoms developing within 
very few hours. At first there is oppressive headache accompanied by 
a chill or “chilly sensations’’; also undetermined muscular pains (my- 
algias), backache and fever, the patients being overcome during their 
ordinary work or awakened from a sleep that had been tranquil as ever. 
They will then continue for a few hours with the headache and lumbar 
pain, in a state of languor and great lassitude, when the fever, after 
rising to 39° or 40° C. (102.2° or 104° F.) generally during the night, 
will remit towards morning, to rise again and remain so until the end 
of the disease. At this period, the pulse will be found quick and tense ; 
the face flushed, sometimes to a purplish hue, and exceptionally it is 
pale, with an anxious expression, the eyes bright, glary, the conjunc- 
tivse injected; the skin, usually dry, may then be moist and hot, show- 
ing some capillary stasis upon pressure. 

The very malignant cases, which die within forty-eight or seventy- 
two hours, do not show the same series of symptoms as outlined above ; 
in them, the disease is ushered in by intense headache and chill, high 
fever, lumbar pains, quickly followed by gastric symptoms, marked 
albuminuria, the patient soon falling into a condition of deep de- 
pression, even into coma, or often dying in convulsions. 

Ordinary cases, after the first remission of the fever, from the second 
to the third day, go on with a new rise of temperature ; albuminuria is 
almost always present; the headache is more or less intense and gastric 
disturbance quickly makes its appearance in the shape of epigastric 
pain, tenderness on pressure, or slight nausea which may go on to 
actual vomiting of food. The pains in the loins and large joints may 
persist, accompanied by fever, seldom above 39° C. (102.2° F.), with a 
comparatively slow pulse (Faget’s sign), 60 to 70 beats per minute. 
At this, which may be considered as the second stage of the disease and 
may last for several days (four to seven), the icterus becomes pro- 
nounced and the symptoms acquire varying degrees of severity until 
defervescence begins, or the third, more frequently fatal, stage of the 
disease becomes established. Then we have marked exacerbation of all 
symptoms, indicating extreme toxemia ; the patients become delirious 
or fall in a semicomatous condition, the vomiting becomes frankly of 
the “black” variety, with “coffee-grounds” or fresh blood mixed with 
gastric contents. The high temperature with comparatively low pulse 
may persist. The urine will be scanty, highly colored, albuminous and 
may contain bile-pigmented casts. There will be constipation or, if 
purgatives have been used, the stools will be more or less soft and of 
normal color; sometimes they are streaked with blood or contain some 
of the “black vomit” found in the stomach. There is great tliirst and 
death occurs as the resu.lt of cardiac csthesia. 

The writer has endeavored in the above paragraphs to outline the reg- 
ular course of typical cases of yellow fever. Each one of the principal 
and peculiar symptoms, however, requires further handling, and 
certain groups of symptoms, such as are also seen in other infec- 
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tions, appear during the course of this disease in a definite order^ at a 
definite time, with a definite intensity that shall be later described. 

The Fever. — This feature of the disease may be considered as pe- 
culiar in the Inanner of its appearance and subsequent development. 
Beginning in the majority of cases with a distinct chill, or less fre- 
quently with only sensations of cold or heat, the temperature has a 
tendency to rise gradually during the first twenty-four hours, reaching 
the maximum from the twelfth to the twenty-fourth hour after the 
onset, less rapidly than is generally described by writers; the highest 
temperature may be even 41° C. (105.8° F.), though rarely more than 
39.5° C. (103.1° P.). This temperature with very slight alterations is 
kept up for less than forty-eight hours, when a distinct remission may 
be observed in all cases, very rarely reaching normal temperature, ac- 
companied by an abatement of all subjective symptoms. The duration 
of this first stage in ten experimental cases carefully tested every three 
hours, was as follows, the average duration being forty-three hours : 


Number of cases 

1 

MB 

mi 

mi 

mi 

3 

1 

1 

Duration of paroxysm, in hours 

33 



30 

41 

45 

52 

60 


In the very mild cases, so-called abortive cases, once the temperature 
starts to descend, it continues with slight oscillations and the patients 
go on to recovery with* that one access of fever only. 

In the ordinary cases, the secondary febrile paroxysm immediately 
follows the remission above described which lasts only a few hours 
(from three to twenty-seven hours in experimental cases), the tempera- 
ture slowly rising again and reaching its maximum and remaining there 
from two to five days, with very slight fluctuations, these depending 
mainly upon subsequent events, such as hemorrhage, cardiac failure, 
etc., or as a result of antithermic treatment. 

It is during this secondary paroxysm that the second and third 
stages in which the disease may be divided actually occur, since it is 
only exceptionally that an intermission between them can be demon- 
strated in the temperature charts. 

In yellow fever, as in all acute infectious processes where marked 
lesions are developing in a relatively short space of time, it is not 
frequent to see marked oscillations in the temperature curve, so that 
when we are treating of a secondary paroxysm, it does not mean to 
imply that an equable persistent high temperature is maintained ; a rise 
or drop of one-half to one degree may be observed, secondary infection, 
hemorrhage, etc., determining the extent of these fluctuations. 

In curable cases, from the fifth to the eighth day, the fever begins 
rapidly to descend and in a few hours reaches even below normal, re- 
maining generally so until complete recovery. In fatal cases the fever 
is present until the last, in some showing a tendency to drop, in others 
rising inordinately. When the temperature curve shows a tendency 
to remain high, at the same level for several days, such cases are likely 
to terminate fatally, usually in a condition of uremia. 
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Extremes of fever, or hyperpyrexia, are rare in yellow fever and 
can generally be attributed to complications. The author has seen this in 
cases of malaria coexisting with yellow fever, a symbiosis met with more 
frequently than it was acknowledged in the old yellow fever centers. 

A very prolonged febrile condition is certainly not characteristic, 
and, when present, it will be found to be due to some other infective 



Fig. 3. — Chart in Case of Yellow Fever of Milo Character. 
P, Pulse curve; T, Temperature curve. 


process which has become engrafted, as it were, upon the yellow fever 
access. 

A close study of the charts herein presented will show the peculiar 
characters above outlined. 

Circulatory System. — The yellow fever toxin seems to exert its 
action more potently upon this than upon any other part of the human 
economy. The examination of a patient in the first or second day 
reveals a marked congestion of the skin of the face, the capillaries are 
injected in the conjunctivas and the flushed condition gives him the look 
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of one under the influence of alcoholic intoxication. The congestion of 
the superficial vessels goes on even to the second febrile paroxysm, when 
the skin of the neck, chest and sometimes of the lower extremities will 
be found purplish, dry, pressure with the fingers leaving their impres- 
sion for an appreciable length of time. 

Bleeding from mucous membranes is usually present. At first there 



pJG. 4 . — Chart in Case of Yellow Fever of Moderate Intensity. 


may be epistaxis, though this is not common; after two or three days, 
there is a peculiar spongy condition of the gums, they bleed easily on 
pressure, being swollen and congested without any other evidences of 
gingivitis. Later in the disease, we frequently see the border of the 
gums, the lips and surface of the tongue streaked with bloody mucus, 
staining the whole interior of the mouth and mixing with the saliva. 

More active hemorrhage takes place from the stomach. It is of 
importance to remember that very profuse bleeding may appear to 
have taken place into this organ without particularly endangering the 
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patient's life; the blood, when vomited, has the characters described 
under symptoms in the digestive system. 

It is very rarely that we see fresh blood in the vomitus ; a coincident 
hemoptysis, bleeding from nose, throat, etc., may be suspected when 
this occurs. 

Intestinal hemorrhage is not frequent, yet it has been reported by 



Fig. 5. — Chart in Case or Yellow Fever of Great Intensity (Fatal) 


careful observers, and there is no reason why an ill-advised treatment 
might not excite it. 

The extravasation of blood from the genito-urinary tract is seen 
only in very severe cases and chiefly among females (metrorrhagia, etc.*^ 

Bleeding into the skin, purpura, in varying degrees of intensity, 
from disseminated petechiaJ|spots to veritable echymotic areas, is some- 
times seen. More often it is only a discrete petechial eruption that is 
found. 

The heart action corresponds generally to the intensity of the fever 
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and the degree of toxemia developed in each particular case. In the 
early days of the disease (first to third), the pulse is generally strong, 
bounding, and from 80 to 110 beats per minute. During the secondary 
fever, however, the pulse rate does not usually keep up in correlation with 
the temperature and the chart often shows a distinct separation of the 



Fia. 6 . — Chart in Case of Yellow Fever. Very Severe, Protracted Case; Late 

Remission (Recovery). 


respective lines, that is, rising temperature with lowering pulse rate 
(Faget’s sign). This symptom is quite constant and may be relied upon 
as diagnostic. This condition, which is also met with in cases of ma- 
lignant jaundice, in yellow fever is not dependent upon the intensity 
of the icterus, but may be seen even in ^Id cases where the yellow 
pigmentation becomes marked only at the*nd of the disease. 

The slowing of the pulse irrespective of the rise of temperature is 
often misleading and must not be taken as a sign of improvement. In 
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the grave cases, this phenomenon is accompanied by signs of cardiac 
depression, shallow breathing, cyanosis of face or lips, cold extremities, 
etc. Cardiac failure as a result of extreme toxemia is the most common 
termination of the fatal cases. 

The blood itself, bearer of the infective germ, is peculiarly unaf- 
fected in yellow fever. The absence of leukocytosis and the high hemo- 
globin rating may be considered as pathognomonic in this disease. Con- 
sidering the repeated hemorrhages we encounter and the evidently tox- 
emic character of the specific poison, it is remarkable to note that a 
hemoglobin percentage is often met with during the first five or six 
days, even higher than normal, while the specific gravity of the blood 
is not altered. Unlike other acute infectious diseases, the hemoglobin 
test rarely shows below 90 per cent., and in some cases it registers as 
high as 105 per cent. 

At the same time that an increase in the number of blood platelets 
may be demonstrated, a normal red blood cell count will be found. The 
leukocytes will be diminished in number, while keeping their relative 
proportions as regards their varieties. 

A leukocytosis or hyperleukocytosis is present only in cases with 
complications or just before death takes place. 

Digestive System. — From the earliest stages of yellow fever, symp- 
toms are referred to the digestive organs. At the beginning, as the 
fever rises, intense thirst is usually felt, the tongue becomes dry, red 
at the tip, or slightly coated along its center. The gums are sometimes 
found swollen and bleed readily, at the second to fourth day, but this 
sign cannot be relied upon except in cases where the teeth had been 
carefully attended to before the attack; bleeding gums are frequently 
met with as the result of local conditions in the mouth, irrespective of 
the yellow fever infection. 

After the first or second day, attention is directed to the stomach, 
patients complaining of a sense of weight or oppression at the epi- 
gastrium; this afterwards turns into actual nausea and vomiting takes 
place sooner or later, consisting at first mainly of the liquids that may 
have been ingested. 

After a time, the drinks being suspended, the substances vomited 
will be made up of glairy mucus and acrid gastric juice, more or less 
bile-tinted. At the fourth or fifth day, in ordinary cases, the presence 
of blood in the stomach contents may be demonstrated. It will appear, 
perhaps, in the shape of light streaks of fresh blood, or in specks, sus- 
pended in the vomitus (the ‘‘fiy-wing’’ specks), and these will increase 
gradually in quantity, until the matter thrown up becomes composed 
chiefly of the ‘‘coffee-ground’’ material of the classics. When the vom- 
ited substance is made up of pure blood, more or less disintegrated by 
the action of the gastric jumes as a result of copious hemorrhage, we 
have the characteristic tarry' or “black vomit.” 

This symptom does not constitute a fatal sign, as has been estimated 
by many writers, and, in fact, it is remarkable the amount of blood or 
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black vomit that may be emitted and the patients still go on to com- 
plete recovery. 

The intestinal tract is not particularly affected in yellow fever. 
When found, melena is rarely the result of hemorrhage from the intes- 
tines; more often it comes from the passage of the so-called “black 
vomit'' beyond the stomach, into the duodenum. 

Diarrhea during yellow fever is as a rule caused only by untoward 
purgation ; it is not present in uncomplicated cases. 

The liver, in spite of the profound lesion which it develops in the 
course of this disease, gives but little sign of the important role it 
always plays. There is no appreciable enlargement or atrophy; it may 
appear slightly tender on pressure during the first few days. The 
jaundice, which is evident in the coiijunctivaB from the third or fourth 
day, progresses in parallel lines with the general course of the disease 
and seems, as pointed out, “incident to the pressure of swollen degen- 
erating liver cells on the bile capillaries.” 

The absence of gastro-intestinal symptoms (aside from the intense 
gastric irritation, causing the characteristic vomiting), is remarkable 
and fails to excuse in a logical manner those who, until a comparatively 
recent date, insisted upon placing yellow fever among the gastro-intes- 
tinal infections; there is no distinct abdominal pain, no constipation, no 
diarrhea, no tympanites, etc. 

An inflammation of the salivary glands, particularly the parotids, 
has been met with repeatedly as a complication. 

Genito-urtnary System. — Tt cannot be said that the genital organs 
in yellow fever suffer such disturbance in their function as to consti- 
tute any symptom of the disease. It is true that pregnant women 
usually abort when in their second or third month of gestation, but we 
see the same take place in cases of other high fevers and acute depress- 
ing conditions. 

Hemorrhage from the uterus is frequent, however, more particularly 
when the yellow fever attack occurs during or just before the menstrual 
period. 

The urinary apparatus, on the other hand, and specially the kidneys, 
is early affected and its function very decidedly impaired. The renal 
congestion in the early part of the disease is made evident by the ap- 
pearance of albumin in the urine, sometimes as early as the second day, 
most frequently at the third day. The absence of albuminuria is such 
a rare thing in yellow fever, that many students of this disease, the 
writer among them, are prone to discredit the diagnosis of non-albu- 
minuric yellow fever and to attribute such to an error of observation 
or faulty technic in the urinalysis. 

The amount of albumin present may be only the faintest trace; in- 
deed, such is the way in the mildest cases, where it then tends to dis- 
appear very soon, leaving the urine with its normal constituents only. 
In most cases, however, the albumin tends to increase during the second 
stage of the disease and casts may appear in the sediment. Urea and 
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chlorids tend to diminish in quantity regardless of the severity of the 
disease. 

When the jaundice is particularly marked, bile pigments not infre- 
I quently appear in the urine and several authors have reported the 
presence of leucin crystals in these cases. 

Bleeding from the urinary tract is very rare and hemoglobinuria is 
present only in complicated cases, in old malarial subjects, etc. 

Ehrlich’s diazo-reaction has been found absent in yellow fever urine 
and its presence may be considered of sufficient value to exclude such 
diagnosis; some writers claim to have observed this reaction in yellow 
fever, but rather imperfect and lasting a very short period only. 

The casts found in the urine are usually of the hyaline variety, often 
bile-tinted, or they may be granular or epithelial; their presence does 
not signify particularly in regard to the prognosis, and at least the 
hyaline and granular types are seen to disappear very rapidly, as soon 
as convalescence is established, sometimes even before complete defer- 
vescence has taken place. 

Fatal cases often present renal involvement ; the urine becomes albu- 
minous from the beginning and reaches a very high percentage at a 
period comparatively early in the disease; granular and epithelial casts 
soon follow with diminution in the amount of urine voided; signs of 
uremia, or rather ammoniemia, become evident and the patient dies in 
total or partial anuria. 

The bladder is rarely affected, and only as a complication in old men 
with prostatic enlargement, or urethral strictures, etc., when retention 
may give rise to the decomposition of the urine, followed or accom- 
panied by cystitis. 

Nervous System. — From the very onset of the disease, patients in- 
fected with yellow fever show decided involvement of the central nerv- 
ous system. In the early stages they appear drowsy and to be suffering 
great lassitude, yet upon being roused they became (piickly alert, the eyes 
shine brightly with the fever, they look about with surprise or suspi- 
cion upon what goes about them. 

They complain of intense headache, sometimes frontal, over the 
orbits, intra-orbital, or extending to the temi)les ; later on, the headache 
is said to be intense at the occipital region, or the cranial vault. With 
the lowering of the temperature the headache is materially improved. 
In some few cases an intense, almost unbearable, hemicrania has been 
observed. 

An early symptom is lumbar pain, rather severe, often the ‘*coup 
de barre” described also for dengue, influenza and some other infec- 
tions; it lasts with more or less intensity during the first and second 
febrile stages: sometimes the pain extends upward to the back of the 
neck, along the whole spinal column. 

Later in the disease, signs of more marked involvement of the nerv- 
ous system appear in the form of delirium, tremors or subsultus tendi- 
num, a typhoid state with coma and even paralysis of involuntary 
muscles ; or, exceptionally, the patients show great excitability and rest- 
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Jessness with tendency to jump out of bed, run away or fight those who 
may try to restrain them. During the Santiago, Cuba, epidemic in 1899, 
several ran out of the hospital ward and jumped into the sea, a few yards 
away, where, however, they were quickly captured. It became necessary 
to fence in that particular side of the ward. 

In yellow fever, no real paralysis takes place and it is only in the 
worst cases that we find such vital depression as to produce incontinence 
of feces or urine. Such a condition has always been considered as indi- 
cating a fatal and early termination. 

Respiratory System. — Nothing of special interest is referred to the 
air passages in yellow fever. The autopsy findings seem to indicate 
that those organs are not much concerned in the pathologic process of 
this infection. 

As a complication, pneumonia has been met with a few times and 
during the active secondary febrile paroxysm, with the rise in tem- 
perature, the rapid respiration, anxious, often shallow, there is sighing 
and sometimes hiccough. 

Objective Symptoms. — The facies in yellow fever has been often 
described as peculiar to this disease; the fact is that with regard to 
facial expression and appearance, at the very beginning, the subjects 
conform to what we are accustomed to see in most acute febrile condi- 
tions. The congested coiijuctivoe with suffused cheeks and intensely 
red lips and the semi-wild look on being awakened cannot be said to be 
peculiar to this disease. 

Later on, sometimes even at the second day, if the patient is a 
white man (and better if a blond one), a faint yellowish tint may be 
perceived upon the conjunctivae. The jaundice will be seen to increase 
apace with the course of the disease, but very gradually; it will later 
become clearly evident upon the chest and abdomen, the arms, legs, etc. 
The icterus during the development of the disease is never as intense 
as we see it in malignant jaundice or in acute yellow atrophy of the 
liver, but great intensity is usually observed at the termination of the 
infection by death or recovery. It is only at the acme of the jaundice 
that we find the urine bile-stained and very exceptionally is there such a 
degree of acholia as to leave the stools clay colored. 

Yellow fever patients when kept in clean bedding and repeatedly 
bathed, as is done in properly equipped hospitals, fail to give off the 
peculiar odor that has been ascribed to them by the early writers, and 
some contemporary practitioners as well. The writer has had occasion 
to appreciate the difference between poorly ventilated barracks and 
clean, modern hospital wards, and there certainly seems to be a dis- 
tinct odor in the former, but not distinctive of yellow fever, only such 
as emanates from dry, acrid sweat and lack of cleanliness, one that is 
met under the same unfavorable conditions, regardless of the class of 
patients in the wards. 

The epigastrium will be found tender on pressure even in mild eascffi 
where no nausea or other gastric symptom is manifest; there will be 
no swelling ; later it will be impossible to press upon the abdominal wall 
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without provoking nausea or emesis; rarely we see some degree of 
tympanites, but it has no diagnostic significance. 

The character of the pulse, besides the lack of correlation with the 
temperature already referred to, is rather interesting. At the onset, 
the pulse as may be expected is both rapid and bounding; before the 
expiration of the first febrile paroxysm it will be seen to decrease in 
frequency and tension so that during the so-called stage of calm, which 
usually corresponds to<the remission and the end of the second or third 
day, it will be found full and normal in rate. This low rate (70 to 80) 
will continue, rising perhaps a little with the fever, until the end of 
the disease. If the patient recovers, the pulse may come down even to 
46 or 50 during convalescence; if the case is to be fatal, however, the 
pulse and temperature lines will be seen to cross on the chart, the pulse 
rising rapidly while the temperature seems to descend. 

Eeferenee has already been made to the course of the fever and the 
conditions of the urine in this disease. 

Diagnosis. — A combination of symptoms occurring at a stated time 
is often sufficient evidence upon which to base a diagnosis. 

If the patient is seen within the first two days, it is very difficult to 
fix the guilt upon yellow fever. One may dare to do so if in the midst 
of an epidemic, but even then, though the chances of error will be less, 
the disease at this period presents nothing characteristic or what may 
not occur as well in some other infection. If, however, there are signs 
of gastric involvement or a slight conjunctival icterus, concomitant 
with the rachialgia, fever and headache, it may be safe to make diag 
nosis of yellow fever at such early date. 

At the third day of the disease, albuminuria will be found present, 
even though the disease may be in the period of * ' calm, * ’ and after that 
date the icterus, albuminuria and fever will serve to make a positive 
diagnosis, particularly if Faget’s sign is observed. 

After the fourth day, cases will present more or less vomiting, with 
specks, or blood will appear in quantity with the stomach contents — 
“black vomit. The diagnosis is not difficult at this stage of the disease, 
presenting a very clear and unmistakable picture. 

The very mild cases are usually overlooked, or mistaken for some 
passing febrile condition; they are seldom diagnosed as yellow fever, 
very few of them being, therefore, recorded. 

Differential Diagnosis. — It is very difficult to differentiate most 
of the infectious diseases at their beginning, still, yellow fever must be 
diagnosed within a very few days, not only for the patient’s good, but 
also for the public health, since an early diagnosis, particularly of the 
first cases of an epidemic, is, from that standpoint, of the greatest im- 
portance. 

In the first two days, yellow fever may simulate dengue, influenza or 
the eruptive fevers, but at the third or fourth day a definite diagnosis 
should be arrived at. 

In dengue fever, we have the same onset, rachialgia and fever, but 
the headache is more intense, a rash may be discovered or not, since it 
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often is quite ephemeral, and the albuminuria will be but slight, though 
quite frequent in this disease; there will be no jaundice whatever, nor 
bleeding from the gums or elsewhere, nor any distinct gastric symptom 
during the disease. A great drop in the pulse rate in dengue occurs 
only during convalescence. 

In infitienza, some catarrhal condition of the mucosae will be evident, 
a rare thing in yellow fever ; the onset is more gradual and, as in dengue 
fever, the pains are more articular and muscular than spinal. Pfeiffer’s 
bacillus in the sputum of influenza serves to make an early diagnosis. 
The albuminuria of influenza appears later in the disease than in yellow 
fever, seldom acquiring such intensity as we see in the latter. There 
will be no jaundice, nor hemorrhages, nor gastric symptoms, and Faget’s 
sign will be absent in all cases of influenza. 

In the eruptive fevers we find intense catarrhal conditions (particu- 
larly in measles and scarlet fever), which are seen in yellow fever only 
as complications and not frequently at that. In small-pox, the vomiting 
with fever of the early period may be confounded, but that only during 
an epidemic of yellow fever, since there will be no remission of the 
fever in small-pox and the icterus will be entirely absent. Other exan- 
themata are not to be considered as a source of error. 

In malaria, an early and careful examination of the blood before the 
administration of quinin ought to settle the qxiestion by revealing the 
malarial parasite. If the case has been treated, there may be grounds 
for doubt, but in malaria we have the marked fluctuations in tempera- 
ture from the beginning, occurring even in the absence of any thera- 
peutic measures. The albuminuria, if present in malaria, comes only 
after a period of many days of fever, while in yellow fever it is a 
regular and early manifestation. In the severe estivo-autumnal forms 
of malaria, we may find the albuminuria and even some degree of jaun- 
dice, but such grave cases, if they were yellow fever, would also present 
distinct hemorrhagic tendency, if not “black vomit” as well. 

The bilious remittent (malarial) fever of the early writers, which 
was said to have been so frequently mistaken for yellow fever, was proba- 
bly not malarial at all, but a name given to yellow fever itself when 
observed in the natives or supposed acclimated individuals. We have 
never seen this form of malaria and other contemporary observers report 
the same experience. Signs and symptoms common in malarial infec- 
tion, not found in uncomplicated yellow fever, are enlarged liver and 
spleen, sudden drops of temperature without accompanying hemoglobin 
percentage. Hemoglobinuria is a symptom of malaria and not of 
yellow fever; in the latter we are more likely to have hematuria instead. 
Jaundice, if present, is liable to be very intense in malarial infection, 
and is accompanied by distinct symptoms of liver involvement, tender- 
ness, enlargement, etc. Vomiting of blood is rare in malaria, even 
though of great intensity otherwise. 

Malarial cases may be, and in fact often are, infected with yellow 
fever, andr^ t|3ie diagnosis then becomes rather difficult, unless this con- 
tingency biTkept in mind. There are two distinct forms of this sym- 
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biosis. (1) In one, the yellow fever infection eeems to prevail, the patient 
going on with the symptoms of this disease, only that every second or 
third day there is a sudden rise of the fever to 40° C, (104° F.) or 
more. The malarial parasite will probably disappear from the peripheral 
circulation to reappear again when the yellow fever symptoms subside, 
after eight or ten days. Then a mdden rise, apparently without reason, 
with chill, sweating, etc., will reveal the renewal of the malarial attack. 
(2) The other” type of this combination gives the signs of malaria, not 
much albuminuria, severe spleen and liver involvement, no Faget’s sign. 
There may be bleeding from gums or even an occasional “black vomit,’* 
the malarial parasite being present in the blood all the time. It must 
be remembered that this condition is not one of either disease being 
complicated by the other, but simply the infection of a malarial subject 
by the yellow fever germ, and that while malaria is a disease that may 
last for weeks or months, as it often does in tropical countries, the dura- 
tion of yellow fever must be counted in days. 

In typhoid fever, it is only during the first days that any doubt can 
exist, at least with regards to yellow fever. If a blood culture has not 
been made during the first days, a Widal agglutinating test will usually 
clear up the diagnosis after the tenth day. This is more feasible, inas- 
much as typhoid cases are seldom seen before the end of the first week 
of the disease. If positive diagnosis cannot be made through the blood 
tests, however, there are many signs which preclude the probability of 
confounding typhoid fever with yellow fever and vice versa. The onset 
in typhoid is gradual, the coated red-bordered tongue is quite typical, 
absence of gastric symptoms is the rule, there is no jaundice, no albu- 
minuria. Absence of Faget’s sign with low hemoglobin percentage is 
characteristic of typhoid fever. If there is bleeding, it will be only 
from the nasc, appearing in the stools much later; if there is any albu- 
minuria, it will appear later, after the first week in typhoid fever, and 
is never, in uncomplicated cases, as marked as in yellow fever. One 
must look for enlargement of the spleen, never present in yellow fever. 
The diazo-reaction of the urine, so constant in typhoid fever, is not 
found in yellow fever. Such a temperature as 40° C. (104° F.), common 
in typhoid fever for so many days, in yellow fever would imply such 
degree of severity as to present other unmistakable signs of this infec- 
tion, particularly gastric and hemorrhagic. 

At a certain stage of the disease known as infectious jaundice, "or 
Weills disease, there may arise a suspicion of yellow fever, when first 
observed. But in that disease the onset is not as sudden, patients suf- 
fering from fever and bilious symptoms for several days before the 
jaundice, which progresses very rapidly, shows itself. The jaundice is 
peculiarly marked, giving a mahogany tint to the skin of dark people, 
entirely different from the light yellow of yellow fever. The hemorrhagic 
tendency becomes evident much later in yellow fever, the urine soon 
becomes highly colored and the feces very pale, until the stpojs are clay 
colored. The pulse follows parallel with the temperature throughout 
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the disease. Search must be made for the parasite, Spirackmia ictwo^ 
hemorrhagica, described by the Japanese investigators. 

In malignant ja/undice (acute yellow atrophy of the liver), the onset 
is very slow ; there is no distinct fever with congestive signs. Tlie liver 
is soon diminished in size, the feces lose their color. Early in the disease 
there is a great prostration with a low percentage of hemoglobin ; pallor 
and edema appear in various parts of the body never seen in yellow 
fever. In acute yellow atrophy, tyrosin and leucin soon appear in the 
urine and the amount of urea is greatly diminished. 

It sometimes happens that cases are seen from which little if any 
previous history may be obtained (perhaps only a few hours before 
death), where the presence of jaundice and fever give suspicions of 
yellow fever. In such cases investigation of the stomach contents will 
usually decide, since it would be very exceptional to find a ease of yellow 
fever sufficiently advanced as regards fever and jaundice but devoid of 
blood in the stomach contents. 

To judge from the literature on the subject, the forms of endemic 
jaundice that have been observed in Smyrna and Alexandria bear a 
certain similarity to yellow fever, but in them the fever is more pro- 
longed and hematemesis seems to be no feature of the disease. 

From the so-called ‘‘gastric fever, bilious fever or “febrile gas- 
tritis'^ yellow fever can be readily distinguished, particularly by the 
character of the vomitus, the history of the gradual onset, the rapid 
pulse rate, absence of albuminuria, possible diazo-reaction, etc., in those 
conditions. 

Simple catarrhal jaundice or obstructive jaundice can hardly be 
confounded with yellow fever, if a history of the case is obtainable; 
otherwise, it is well to remember that discolored stools are the rule in 
obstructive jaundice and the exception in yellow fever, and the urine 
will contain albumin in the latter while it is not likely to in the former. 
The course of the fever will constitute a fair guide in either case. 

Complications. — It cannot be said of yellow fever, as regards other 
infective diseases, that it is frequently accompanied by conditions which 
in justice might be called complications. Individuals who lead rather 
dissolute lives, when infected with the germ of yellow fever will imffer 
as a result of the particularly weakened condition of certain organs or 
apparatus, and thus the disease becomes complicated, rarely otherwise. 

* More frequently we see the kidneys as the seat of parenchymatous 
nephritis, in alcoholic patients. Here we find that the disease beginning 
in an apparently mild form, suddenly assumes unexpected severity, the 
symptoms pointing to the renal complication. The urine will become 
loaded with albumin, casts of all varieties will shortly appear, and while 
the characteristic hemorrhages and jaundice may not be very pro- 
nounced, phenomena of uremia begin to manifest themselves, with 
diminution in quantity of the urine or the total suppression of it. 

Cardiac complications are infrequent though not rare; these are 
usually due to secondary infections and appear late in the disease (sisdh 
to eighth day), in the form of endocarditis, rarely as pericaidil^. 
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Chronic cardiac cases do very badly with yellow fever, unless they suffer 
a very mild attack. 

P^iUmonary complications are very rare. Cases of yellow fever may 
be observed which develop a bronchitis during the disease, or even a 
bronchopneumonia. The condition is one of secondary infection and 
occurs only in very old individuals, 

A condition of almost hemophilia is sometimes observed, that may be 
considered as a not infrequent complication in yellow fever. 

The hemolytic action of the unknown poison is evident, not only in 
the profuse hemorrhages from nose, mouth, stomach and intestines, but 
also by extravasations of blood into the skin and deeper tissues. In a 
lesser degree a form of purpura may be observed, particularly in pro- 
longed cases. 

Sequels. — Of all the acute infectious diseases, perhaps yellow fever 
is the least followed by the development of conditions in any way at- 
tributable to this infection. 

Amongst those that have been observed with any degree of fre- 
quency may be mentioned parotitis. The swelling, accompanied by pain 
and even fever, of one parotid gland, during convalescence, sometimes 
goes no further and ceases with the ordinary antiphlogistic treatment; 
at other times, the inflammation has continued for several days, going on 
to suppuration, an abscess developing with all its attendant discomforts. 

In certain epidemics, the prevalence of local small skin abscesses has 
been observed, if not a veritable furunculosis; convalescent cases com- 
plain of ^ ‘ boils, never having suffered from them before their illness. 

Cutaneous gangrene and ulceration of the scrotum, not very serious 
in character, have been reported; this has taken place, generally, in 
cases that have been rather protracted, with specially marked toxic 
symptoms. 

Diarrhea (enteritis) has taken place in convalescence, without any 
clearly apparent reason, except that it occurred whenever an attempt 
was made to increase or modify the diet. Much care has to be taken 
with these patients to avoid this disorder from becoming chronic after 
chronic indigestion, at other times it is manifest only regarding certain 
their uttack of yellow fever. 

A peculiarly sensitive condition of the digestive tract has been ob- 
served after a particularly severe attack of yellow fever, the patients 
being unable to take care of the ordinary food, even after a long perigd 
has elapsed from the height of the disease. Sometimes it is a state of 
food, such as meat, eggs or fatty substances. 

Mixed Infection. — Reference has been made to the fact that yellow 
fever is sometimes coexistent with malaria and that the latter ^s parasite 
may be demonstrated in cases which otherwise give all the symptoms 
of yellow fever. (See Differential Diagnosis.) 

There is no doubt in the minds of many investigators of this disease 
that some of the symptoms and signs are due to a secondary infection, 
probably bacterial in character, which takes place in the secondary stage 
of the fever, producing or intensifying the hemorrhagic feature of the 
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yellow fever infection. The hemorrhagic group of bacteria, to which 
Bacillus dysenteries (Plexner’s, Shiga’s) and Bacillus icteroides (Sfena- 
relli) belong, may play a prominent part in the more severe and fatal 
cases that occur. 

Treatment. — Prophylaxis. — The prevention of yellow fever, as prac- 
ticed to-day, will finally and decisively exterminate the disease, even if 
applied without any great stress, so long as the fundamental principles 
are not lost sight of and the method employed be persisted in unceas- 
ingly. It may be divided into two parts: maritime and terrestrial 
prophylaxis; these in turn will have to differ according to the local 
conditions and the period in which they are established. 

(1) Maritime Prophylaxis , — This entails the application of means 
that will prevent the introduction of yellow fever through any of the 
ports to which vessels coming from infected foci arrive. In this con- 
nection the vessel, on the one hand, and the crew and passengers, on 
the other, have to be considered separately, besides the distance of the 
port of departure, the local conditions there at that time and the 
health of the personnel during the voyage. 

The regulations (so-called quarantine regulations) by which control 
is maintained upon vessels from infected ports, must necessarily be based 
upon the facts so far demonstrated regarding the etiology of the disease ; 
otherwise they are liable to be unneeessarilj^ irksome if not unjustified. 
Full confidence in the truth of the mosquito doctrine with regard to the 
transmission of the disease and knowledge of the insects’ habits and 
their means of development, will enable the quarantine officer to carry 
out his duties to a successful issue. 

The proven fact that no infection can be carried by ‘^fomites” has 
made this work very much less expensive than in former times and also 
less onerous and inconvenient to commerce, since the disinfection of 
baggage, clothing, etc., has been entirely done away with. 

At the very outset we are met with the difficulty of determining 
when a port may be considered infected or suspected, but that should 
be decided by the governments involved. 

When a ship arrives from an infected port, not having had sickness 
on board in spite of the presence of non-immune crew and passerigers, 
if the voyage has extended beyond eighteen days, the chances are that 
no infected mosquitoes are on board and therefore the ship should not 
be held under suspicion. If the duration of the voyage is less than 
that, the ship should be either held for fumigation or until the 18 days 
are completed, under observation. If a case of yellow fever has devel- 
oped during the voyage, the ship must be considered as infected and 
infective. 

Precautions may be taken to insure the safety of the vessel from 
infection by the application of certain rules while the ships are lying 
in the ports infected or suspected of being infected with yellow fever. 
{See Public Health Reports, U. S. Public Health Service, XXVI, April, 
1911, pp. 570-573.) 

It is generally believed that certain cargoes are more likely to carry 
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mosquitoes than others. In this connection, fruit vessels have been 
looked upon with greater suspicion and perhaps do harbor more mos- 
quitoes than is usually the case, but there is no direct evidence to show 
that they are particularly infective, where other conditions do not make 
them so. In New York, for instance, fruit ships coming from infected 
ports have never produced a case of yellow fever and they have been 
unloaded by non-immune men who went into their holds, taking no pre- 
caution whatever, even long before the mosquito’s role had been dis- 
covered. 

When after a short trip a vessel arrives from an infected port, it 
cannot be given free pratique until the usual period of incubation of 
yellow fever has transpired, if no case of sickness has occurred on board 
since the day of departure. Otherwise, the crew and passengers must 
be taken off and subjected to observation, while the living quarters of 
the vessel are thoroughly fumigated. This is intended to kill all the 
mosquitoes that may be found there, and, after unloading, the rest of 
the ship’s compartments should be fumigated, to insure the destruction 
of all the insects on board. If the character of the cargo allows the 
fumigation of the vessel before unloading, this should be performed by 
all means. 

Ships arriving with cases or history of yellow fever on board must 
be placed immediately under quarantine. The crew and passengers 
should be removed for observation, then nothing but a thorough fumi- 
gation can render the ship free of the infection. If this is done in the 
manner hereafter described, the vessel is at once rendered absolutely 
safe. 

It is not wise to place much confidence in the certificates of immunity 
often presented by passengers coming from infected ports; experience 
has demonstrated their frequent worthlessness. 

Lighters should not he allowed to come alongside suspected vessels, 
as they may be the means of transporting infected mosquitoes ashore. 

Observation quarters for passengers or crew of vessels under sur- 
veillance should be properly screened by wire gauze that will keep them 
free of mosquitoes, so that if a ease develops, there will be no danger 
of its contaminating any local insects. 

WTien the sick must be removed from a recently arrived ship, it 
should be done by placing the patients, each under a mosquito-bar, firmly 
fixed around the edge of the litter in which he may be carried, and so 
taken into the ambulance or launch, as the case may be, all the way to 
the screen-protected hospital wards. These precautions are not so im- 
portant after the fourth day of the disease, but if possible should always 
be taken. 

The quarantine regulations should be of such a character that, while 
insuring the various countries against invasion, one from the other, at 
the same time will interfere as little as possible with the usual commer- 
cial intercourse. Bearing this in mind, international sanitary agree- 
ments have been entered into, the reader being referred to the Articles 
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ol the last International Sanitary Conference, held in Paris, 1912, for 
a complete and detailed information upon the n^itter. 

Fumigation of Ships . — The best insecticide gases and the least harm* 
ful are sulphur dioxid and hydrocyanic acid gas. They are generally 
introduced into the holds of the ships that are to be treated, through 
canvas hose, the gas being generated in a tug-boat or launch that is 
placed alongside the infected vessel. Sulphur monoxid is not so good 
an insecticide and is therefore used principally for the killing of rats on 
board vessels. Several ingenious devices have been used for utilizing 
the steamers’ own fires in producing this gas. Where no such con- 
trivance exists, the fumigation is done by burning sulphur, with due 
precautions to avoid causing a fire, after tightly shutting the hatches 
and sealing all openings, etc. If hydrocyanic acid gas be preferred, it 
is obtained by the action of dilute sulphuric acid upon cyanide of 
potassium. The detailed method employed in both cases is mainly the 
same as followed in the fumigation of houses which is explained in de- 
tail in the corresponding part of this writing, to which the reader is 
referred. 

(2) Terrestrial Prophylaxis . — This may be better divided into three 
parts: (1) measures intended to prevent the introduction of yellow 
fever (aside from maritime or quarantine regulations) ; (2) measures 
to prevent its propagation, if introduced, and (3) measures tending to 
eradicate the disease from a given locality. 

If the infected country, from which it becomes necessary to protect 
ourselves, is one directly on the boundary line, no quarantine regulations 
are applicable, but such measures may be resorted to as will prevent 
the introduction of the disease. Every effort should be directed against 
the importation of infected mosquitoes, cases of yellow fever, or persons 
in the incubation period of the disease. 

No stage, wagon, railway-cars or any other covered vehicle from the 
infected zone should be allowed to approach within two hundred yards 
of the boundary line. If possible, all such vehicles should be fumigated 
before returning to their respective stables, at least upon each trip. 
Although merchandise, baggage, etc., cannot be considered as carrying 
infection, articles such as boxes, crates, etc., capable of harboring mos- 
quitoes, may well be subjected to the action of insecticide gases. If 
railway cars must cross the line, they should be fumigated every time 
they arrive from the infected localities, although they may be allowed to 
go untreated, if the cars only passed, without stopping, through that 
section or town. 

A number of observation stations should be established, through 
which intercourse with the infected neighboring country can only be 
mahilfekined. At these stations the above means will be applied, but 
every non-immune will also be held, if from the infected zone, for a 
period not less than six days after arrival, before he is allowed to pro- 
ceed on his way. 

A hospital should be established, ready at hand, where any cases 
developing at the observation or detention stations may be treated. The 
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doors and windows of this hospital, as well as those of the observaticni 
stations, it seems needless to say, must be protected by wire gauae of 
sufiSciently fine mesh as will prevent the entrance of mosquitoes" (16 
wires to the square inch) ; also the surroundings of these establishments 
must be dail^ inspected, so as to do away with all their breeding places. 

Every person coming from the infected area must be subjected to 
the most careful investigation; in every case, the thermometer should 
be used to determine the presence of fever and all such are to be kept 
under observation. 

Immunes, for sanitary purposes, are only those who have suffered 
an attack of yellow fever or who have lived for at least ten years in 
recognized endemic foci. For this reason, all children under ten years 
of age must be held as non-immunes, regardless whether their parents 
are positively protected, unless said children show evidence of having 
had yellow fever themselves. 

The above, in a brief way, are the means readily applicable to pre- 
vent the introduction of yellow fever from another country. If the 
measures are instituted in time, the bar to infection which they con- 
stitute has always been effective. 

Once yellow fever has invaded a town or a community, the fii’st 
care is to prevent its propagation. 

Immediate notification of every case of fever, and its protection 
by mosquito net, must be insisted upon; cases which after twenty-four 
hours cannot be declared negative, should be considered, from a sanitary 
standpoint, as cases of yellow fever and treated accordingly. The 
prompt screening of cases will aid greatly in the effort to suppress the 
epidemic and if the sleeping quarters of all cases of yellow fever are so 
treated, it will serve to hold the mosquitoes that may have become 
infected ready for their early destruction by fumigation. If the patient 
can be removed to the hospital, this is always the best procedure, other- 
wise the fumigation of the house and the ones on either side of it, if 
closely placed, as is usually in towns in Southern countries, becomes 
difficult if not impossible, particularly because of the objectionable odor 
of sulphur even when it is not unbearably irritating. 

Fumigation should be carried out in a thorough and scientific man- 
ner; the authorities should meet with intelligence the many little ob- 
stacles that come up with every particular case, keeping in mind that 
in preparing a house for fumigation, the least noise or disturbance pos- 
sible should be made, so as not to frighten the insects out of their resting- 
places on the walls, ceilings, corners, closets, etc. 

For shutting up porches, small court-yards, etc., heavy sail-cloth 
is the best material. It is carefully tacked along the edge of the wall, 
with paper pasted over the joints to make it absolutely tight, and every* 
joint should be so treated. Small isolated wooden buildings should in 
all instances be entirely covered with sail-cloth, as it is impossible to 
make them gas-tight otherwise. 

In cities where the houses are placed one next to the other, the two 
adjoining houses should be prepared at the same time as the supposedly 
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infected one, and the fumigation started simultaneously in all three; 
this will insure the destruction of mosquitoes which might attempt to 
escape from the infected house. 

If this is carried out promptly and thoroughly, the chances are 
that the particular case in hand will not produce any secondary cases 
and the disease will therefore be confined within very narrow limits. 

In setting forth in detail the work of fumigation, the writer wishes 
to quote from an article prepared upon the subject that needs but little 
rectification.^® 

The work of fumigation may be divided into two parts: first, the 
preparation of the building, and second, the process of fumigation prop- 
erly speaking. 

Preparation of the Buildings for Fumigation. — The first thing to be 
done upon beginning the fumigation of a house is to close all the doors 
and windows which communicate with the outside, leaving only one 
door for the men to go in and out of the building. If the house has 
porches, these should be covered with canvas or sail-cloth. After this 
has been done, paper is pasted over all the crevices and fissures, first 
around the exterior doors and windows, afterwards around the interior 
ones. The house should be divided into different isolated rooms or 
compartments, for the purpose of fumigation. After this has been 
done, the apparatus necessary for the fumigation is introduced into the 
building and placed at the most convenient spots. All the drawers, 
presses, trunks, etc., should be then opened and the furniture separated 
about one foot from the walls of the different apartments. Following 
this, the fumigators (pans containing sulpliur and alcohol) should be 
serially lighted, the operator retreating in the direction of the one 
door of exit, taking care to cover all crevices around the doors of the 
different compartments as the fumigation proceeds. After having sealed 
the door of exit, the fumigation of the covered porches is started, the 
operator taking care that the canvas or tarpaulin which surrounds them 
is hermetically closed. 

Metallic gauze cages containing mosquitoes should be placed in dif- 
ferent parts of the house to test the efficacy of the fumigation. 

When for some reason it is not advisable to leave the drawers, presses, 
etc., open, their contents should be taken out and shaken before being 
returned to their places, so that no mosquito may remain in the interior 
of the furniture. 

It is frequently necessary for the sanitary authorities to treat in 
this manner barracks with badly adjusted walls and roofs, huts, wooden 
buildings, etc. In such cases it becomes necessary to cover the build- 
ing completely with canvas, as suggested before^ adjusting the borders 
"tightly and pasting strips of heavy paper over them. The procedure 
is otherwise the same as that already indicated. 

The Process of Fumigation. — For the destruction of mosquitoes, suU 
phur dioxid, obtained by the combustion of sulphur in the proportion 
of two pounds for every one thousand cubic feet, is one of the most 
efficient gases employed. After three or four hours’ exposure, it causes 
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the death of all the mosquitoes in the apartment. The principal objec- 
tion to the use of sulphur is that it attacks certain tissues, pictures and 
metals, but seldom in an irreparable manner. Metals may be protected 
by covering them with a thin layer of vaselin. For fumigation, the 
sulphur in powder is placed on frying-pans or other flat vessels, each 
of these within other receptacles containing water, into which the burn- 
ing sulphur, that sputters during the fumigation, may fall. A small 
quantity of alcohol is poured over the sulphur to start the combustion 
and it is lighted at the moment of leaving the apartment. At the expira- 
tion of four hours, the outer doors are opened first, and progressively the 
interior ones, to allow the vapors of the sulphurous acid to escape. 

Although many other insecticide gases have been recommended, the 
writer and his associates have employed sulphur dioxid exclusively in 
dealing with mosquitoes, and with the best results. 

Since the invasion of bubonic plague in America occurred, and the 
necessity of fighting it by means of muricide as well as insecticide gases, 
the use of hydrocyanic acid gas in extensive fumigations became rather 
popular in Cuba, though certainly not the best means for an antiplague 
campaign. Its powerful insecticide properties have been known for 
a long time, but the danger it carries to human life, having been so 
much exaggerated, prevented any great use of it until recently. 

Ordinary precautions, easily taken, have made the employment of 
this agent absolutely safe, no accidents having been recorded in Cuba, 
where, during an intense campaign against plague, hundreds of thou- 
sands of cubic feet of space have been so treated. 

The houses are prepared in the same way as recommended for sulphur 
fumigation, though greater care should be taken in making them gas- 
tight, as hydrocyanic acid gas is more diffusible than the sulphur dioxid. 
The production of hydrocyanic acid is brought about by the action of 
dilute sulphuric acid (25 per cent.) upon cyanid of potassium. When 
it is only one compartment that has to be fumigated, a generating 
apparatus may be used from the outside, carrying in the gas through 
rubber hose, as is done in the fumigation of fruit trees after covering 
them with canvas. Otherwise, the following method is to be recom- 
mended. 

Into each compartment to be treated, a wooden, earthenware, or 
lead-lined vessel is placed, containing the sulphuric acid solution, in 
sufficient quantity to dissolve the cyanid of potassium (about three times 
its volume or more) i then the proper amount of the salt, in proportion 
to the size of the room, is wrapped in paper. This is then dropped into 
each vessel of the acid in turn, the reaction being delayed by the paper 
wrapper, so that the operator has time to retire and seal the compart- 
ment from the outside. Ten to fifteen grams of cyanid of potassium 
should be used for each one thousand cubic feet of space. 

After three or four hours’ exposure to the gas, the house is ready 
to be opened. The doors and windows of the house must be opened 
from the outside^ the operator not entering the building until free cir- 
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culation of air has been established and all the gas has presumably 
diffused into the atmosphere. 

When an epidemic of yellow fever is once developed, the above 
methods alone are not sufficient to eradicate the disease from a city 
or district, and the campaign against the infection must be carried out 
upon more extensive and somewhat different lines. 

In the first place and of great importance, if the disease has been 
more pr less endemic in the country or town, a census of the non-immune 
population should be made, that will allow proper surveillance of the 
inhabitants and the prompt recognition and segregation of cases. Where 
the disease appears for the first time, this census cannot be of any 
advantage, since all, or nearly all, the population will be susceptible. 

Every government employee, policeman, etc., besides those regularly 
appointed for the purpose, must be instructed to report at once, to the 
sanitary authorities, all cases of illness that should come to his knowl- 
edge, and physicians should be expected to report as yellow fever all 
cases whose cause is not absolutely clear from the beginning. 

A campaign of education, carried out by all means available, that 
will make evident to the people the relation of mosquitoes to the spread 
of yellow fever, the ways to kill their larvae, etc., will go far towards 
checking any epidemic, as it was demonstrated in New Orleans in 1905. 

Mosquito-larvce hunts^* and fumigation days^^ by blocks or wards, 
undertaken in the city, will always prove a powerful aid, tending to 
the more rapid stamping out of the disease. 

A knowledge of the life-habits of Aedes aegypti {Stegomyia fas- 
data) is necessary to accomplish better the destruction of its larvae and 
to prevent the breeding of the insects in the cities where they are known 
to thrive. 

This part of the campaign must be worked out upon the following 
lines. A house to house inspection at intervals not greater than ten 
days must be arranged by having a sufficiently large corps of trained 
inspectors. They are to discover mosquito breeding places and the 
presence of larvae wherever they may occur, instructing the tenants 
how to avoid the repetition of what, during an epidemic of yellow fever, 
ought to be considered a punishable offense. To do away with breeding 
places, all tin cans, bottles, etc., must be carefully collected from the 
empty lots and fields around the city and measures taken to prevent 
their again accumulating. 

Where the umter supply is derived from a reservoir, the destruction 
and prevention of breeding places becomes less difficult than where 
well-water is used or house cisterns or other deposits are necessary tot 
ordinary domestic purposes. Here a special inspection of the con- 
tainers becomes imperative, to see that they are protected from the 
insects by means of a tight cover or by wire gauase, and that the pro- 
tection is maintained in perfect condition. 

Where a great number of containers must be kept or large tanks 
used for the purpose, the expense of covering them may be too great 
in such cases a simple expedient may be resorted to. The vrriter ref^ to 
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the introductioii of the small fresh-water fish known as minnoufs {Gam- 
etc.), which thrive under most conditions and will keep the 
water free from larvae. Two or three fish will be enough for as many 
cubic yards of water, and need no special care. 

Finally, the surface soil must be kept iifell drained by means of slant- 
ing ditches that will prevent the rain-water from collecting. The out- 
skirts of cities should be treated in the same way, and at the same time 
crude petroleum should be poured upon the surface of stagnant pools 
that for any reason cannot be drained. Petroleum kills the larva of 
mosquitoes by obstructing their respiratory tubes, since they must come 
to the surface to breathe, and one cubic centimeter is usually suflScient 
to cover one square meter, if protected from the wind, as in caves, etc. 
Otherwise, a greater quantity of oil is necessary, and even a large 
quantity is not enough when exposed to the action of the winds. 

By keeping the soil of lowlands or stream-beds often sprinkled with 
petroleum, at regular intervals, any collection of water that may form 
will have the protective film of oil upon it; besides this, it has been 
noticed that mosquitoes are kept away to a great extent by the odor 
vf the crude oil. 

A prophylactic campaign, based upon the principles here noted and 
carried out mainly upon these lines, has been the means of stamping 
aut yellow fever, as has been stated, and even though no greater im- 
pulse be given to this work, as performed at present in several coun- 
tries, there is no reason to doubt but that it is only a question of time 
before this dreaded disease is finally eradicated in America. 

Curative Treatment. — A rational treatment of yellow fever cannot 
be that which, as recommended by most authors, is purely symptomatic. 
The main fact of its etiology must be kept in mind, the fact that it is 
a hlood infection and that the symptoms are but the signs of a more 
or less severe toxemia^. It is when we lose sight of this that we are liable 
to fall into the error so often committed by our predecessors who treated 
the disease by violent purging, or bleeding, or sweating, or what not. 

It may be said at the beginning that no violent measures of any 
kind should be attempted in yellow fever ; quiet surroundings, soothing 
drinks and easy ways go further than any active interference toward 
a favorable termination. 

The greatest benefit can be obtained in cases seen in the early stages ; 
in fact, the writer believes the prognosis often rests upon the stage 
of the case when first seen and diagnosed. When one is fortunate 
enough to take hold of a case during the first three days, the chances 
are usually in the patient’s favor. Some, however, are of such degree 
of severity, that one may predict an early and fatal termination from 
the very outset, no remedial measures meeting with the slightest success. 

All efforts should be directed toward (1) sustaining the natural vital 
forces of the individual and (2) eliminating from his body the great- 
est quantity of the specific toxin, whichever it may be, taking care that, 
in endeavoring to obtain this end, the normal resistance or the reparative 
powers be not diminished by our efforts. 
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The 'best results are secured when the proper nursixifl^ is at hand, 
for in no other disease are certain details of management and observa- 
ti<Mi of greater importance and utility. When careful and painstaking 
nurses cannot be obtained, a detailed account of the necessary points 
must be written out for the untrained assistant, for a clinical history, 
with accompanying chart, is the best guide in carrying out a common 
sense treatment in this disease. Even when a temperature curve cannot 
be traced upon a chart, the thermometer must be used, nevertheless, 
every three hours, and its marking recorded, as well as the frequency 
and, if possible, the character of the pulse. The appearance of new 
symptoms must be set down, the hour when observed, the increasing 
or diminishing intensity of each one, etc. The frequency and char- 
acter of the stools and the amount of urine (which should be measured, 
not guessed at) every twenty-four hours, the presence of albumin, etc., 
should all be written upon a daily sheet for the physician’s information 
and guidance. 

Cases never do as well when treated at home as when the advantages 
of a well-conducted hospital are at hand. For this reason the patient 
should be removed as early as possible with the least disturbance, taking 
care to surround the procedure with all the necessary safeguards that 
will insure the health of the community against the possibility of in- 
fecting mosquitoes during the transportation. When it becomes impera- 
tive to treat the patient at his home, he must be isolated in a room by 
himself, where the doors and windows will be protected by wire gauze, 
that they may remain open without giving access to mosquitoes. After 
the fourth day of the disease, the wire screens may be removed without 
danger to the public health, thus obtaining better ventilation for the 
room. Once the patient is isolated, the room from which he was re- 
moved, as well as the others of the house, may be fumigated without 
causing him any disturbance. 

During epidemics it has been necessary to place yellow fever cases 
in tents, with two or more beds each, according to capacity. Patients 
do very well under these circumstances, sufficient ventilation being ob- 
tained by raising the side walls, while the patients remain under in- 
dividual mosquito-nettings, kept in good repair and well tucked in under 
the edge of the mattress, thus securing absolute safety from infecting 
any insects. 

It has been the writer’s custom to refrain from all internal medici^ 
tion during the first three days of the disease ; much harm has been done 
in former years by needless therapeutics in yellow fever, usually causing 
a more irritable condition of the stomach without any good whatever. 
Many authors, even to this day, recommend an initial cathartic, the 
justice of which can hardly be sustained. Such practice is not followed 
in other infectious blood diseases and the vast amount of evidence gath- 
ered so far has failed to show that cases do any better by virtue of this 
preliminary purging. Of course when the patient is one who suffers 
from chronic constipation, or who reports not having had a movement 
for two or three days previous to the physician’s visit, it is obvious 
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that an attempt should be made to clear the bowels, regardless of the 
nature of the disease which calls for attention. The choice of a 
cathartic at this time must rest with the individual practitioner and 
bear relation to the condition of the patient, the age, constitution, etc., 
but calomel in some form has been found particularly useful. Admin* 
istered in repeated small doses, k acts both as a cholagogue and as an 
antiseptic; it should be followed by a fair dose of one of the milder 
mineral waters (Pluto, Carabaha, Rubinat) . Sometimes a copious enema^ 
preferably containing sulphate of soda, in the proportion of a table- 
spoonful to a quart of water, will bring down much fecal matter from 
the rectum and stimulate further discharge from the large intestine; 
this measure is very useful in cases where the gastric irritation is already 
apparent at the first visit. 

A cleansing bath should be followed by absolute rest in bed during 
the whole course of the disease, the physician insisting upon this even 
when the patients may declare marked general improvement. They 
should not be allowed to get up for any purpose whatsoever : a bed-pan 
must be provided and the recumbent position maintained during the 
act of emptying the bowels or bladder ; a feeding-cup or tube will allow 
the patient to drink while lying down. Efforts to sit up or move around 
are conducive to disastrous results and the great importance of this 
enforced quiet is recognized by all who have had extensive experience in 
the management of yellow fever. 

No food, that may be called such, is allowed during the first three 
or four days, and it must be withheld even further if such unfavorable 
signs as continued high fever or vomiting be present. If the thirst be- 
comes unbearably intense, cold alkaline waters may be allowed, no 
great quantity at any time, but sipped slowly or sucked through a glass 
tube; for this purpose, Vichy (Celestin), Mondariz and other lightly 
charged waters are excellent, or else a very weak lemonade, iced, taken 
at stated intervals, may be substituted. Regarding the suppression of 
all food, we have had occasion to use rectal feeding with seemingly 
favorable results. This is continued for three or four days only, accord- 
ing to the behavior of the rectum, then suspended for two days and 
renewed. It is seldom that this method has to be repeated more than 
twice, as the duration of the disease will rarely warrant its repetition. 
As may be readily understood, the object of stopping all food by mouth 
is to relieve the stomach from all function, suppressing a source of 
irritation from an organ that is naturally irritable in yellow fever; in 
80 doing, the chances of ‘‘black vomit” are also lessened to a remark- 
able degree. 

Later in the disease, if gastric intolerance is improved or relieved, 
and the temperature is not above 39° C. (102° F.), a moderate amount 
of milk may be allowed in small quantities, repeated at intervals and 
slowly sipped ; it may best be mixed with lime-water or Vichy. Other 
excellent substitutes for milk or other food are toast-water, barley or 
oatmeal-water. Later, frozen cream, in small quantities each time, and 



40 


YELLOW PEVEB 


gelatin, plain or wine-jelly, may be given. All strong beef-extraets must 
be avoided, as well as alcoholio beverages. 

No active eliminative treatment should be instituted: by no means 
should diaphoretics or diuretics be employed, just as we do not recom- 
mend the use of purgatives. Such methods would entail the unwar- 
ranted stimulation of organs already weakened by the disease itself, 
which would be at least unwise to irritate. Besides, our present knowl* 
edge of the final destination of the toxins in the body does not seem 
to bear out the old theories of elimination through the natural channels. 
Guiteras, who has enjoyed unusual advantages in the study of this 
disease, holds views against eliminative treatment in yellow fever, be- 
lieving that we must rely to a certain extent upon neutralizing the 
toxins in the body of our patients, since we do not know how or when 
they are eliminated. In this connection, however, he seems inconsistent 
— he recommends the administration of large amounts of water ‘‘even 
up to eighty ounces in twenty-four hours,’' as well as calomel and jalap 
or castor oil at the beginning of treatment. 

External applications are wonderfully efficient in relieving subjective 
symptoms at the early stages of the disease. The ice-cap placed upon 
the head or at the back of the neck, or even ice-water compresses to the 
forehead, will usually rob the headache of its torturing intensity. The 
lumbar pains are best treated by hot fomentations, dry-cupping of the 
region, mustard plasters directly on the lumbar vertebrae, gentle massage 
of the muscles or rubbing with the hands adding some soothing lotion. 

The anuria must be met by the use of warm mustard baths, hot 
air baths, hsrpodermic administration of urea, even to 15-grain (1.0 
gram) doses (Carroll). Goats’ renal vein blood serum has been used 
with success and enabled the patient to bridge over a particularly dan- 
gerous crisis. 

* When the quantity of the urinary secretion can be kept up in yellow 
fever, the changes are in favor of recoverj’^; in fact, the more urine 
voided during the twenty-four hours, the more favorable will be the 
prognosis. Experience has shown that cases with anuria are uniformly 
fatal, and those which show a defective action of the kidneys from 
the early stages of the disease usually have a fatal termination as well. 
The permeability of the kidneys seems to be of greater importance than 
the degree of damage that may result to the kidney cells, inasmuch as 
cases with abundant albumin and casts of all kinds often recover, if 
the quantity of urine is sustained, while others with very little albumin 
succumb, if the secretion is very much diminished. 

An expedient which has proved very useful in this connection, when 
we cannot resort to medicine by mouth, is the administration of cold 
eiiemata of normal salt solution, which tend to increase the urinary 
secretion and to lower the temperature at the same time. Through, a 
long rectal tube, one pint to one quart is allowed to flow in, very Slowly, 
so as to secure its retention. When rectal feedings are also being re- 
sorted to, they must be prepared with an excess of salt solution eaeh 
time, instead of the latter being injected separately. 
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After severe hematemesis, constant ractal irrigation is very beneficial^ 
and may be carried out by the Murphy drop method, as in typhoid 
and other wasting fevers. 

The nausea and vomiting are perhaps the most annoying symptoms 
and at the same time the most difficult to ameliorate. If the absolute 
suppression of food does not control the retching or vomiting, it may 
be well to try effervescing drinks of various kinds, or, by administering 
spoonful doses of the separate solutions of Seidlitz powders, obtain 
the effervescence in the stomach. Iced dry champagne and small sips of 
ginger ale are also useful. The filling up of the stomach with any 
liquid whatever will produce vomiting and so the greatest care and 
judgment must be exercised, even to the extent of measuring the amount 
of liquid allowed, particularly when cracked ice is given. 

The ice-bag placed upon the epigastrium or over the trachea at the 
root of the neck often relieves the condition of nausea. 

When the small particles of blood begin to appear in the vomitus, 
something more than the measures above outlined must be undertaken. 
A good method has been to administer five drops of the tincture of 
chlorid of iron every two or three hours, dissolved in a small quantity 
of lime-juice and glycerin. As the ferric chlorid no doubt acts locally 
upon the damaged mucous membrane, where, the hemorrhage was likely 
to take place, it is well to stop its administration so soon as the specks 
disappear from the vomited matter or when the signs of gastric irrita- 
tion become intensified. Other treatments directed towards controlling 
the gastric hemorrhage have not been particularly satisfactory, never- 
theless, hypodermic injections of adrenalin or ergotin solutions should 
he tried. Bleeding gums are often improved by the use of local appli- 
cations of the common astringents. 

When ‘‘black vomit'’ makes its appearance and the hemorrhages from 
the stomach continue incessantly, oral feeding or medication must be 
instantly abandoned and rectal feeding definitely resorted to. Not more 
than eight ounces should be injected at one time, every four hours, carry- 
ing out the treatment as above outlined, or on alternate days, so as to 
give the rectal mucous membrane a period of rest that will in a measure 
prevent subsequent excessive rectal irritation. The formulae recom- 
mended are rather numerous, but the following has been found quite 
effective : 


Milk 3 ounces (better peptonized) (90 c.c.) 

Whisky ^ ounce (15 c.c.) 


Normal salt solution. . 3 ounces (90 c.c.) 

It should be administered very slowly and preceded by a cleansing 
en$ina of clear water. 

To allay the violent uncontrollable vomiting, it may be necessary to 
use hypodermic injections of morphin. 

The fever in this disease is one of the symptoms which should least 
wony the practitioner. Cases of hyperpyrexia are of the rarest occur- 
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rence and this alone demands but little attention. This notwithstand- 
ing, an effort should be made to lower it when it rises above 39.5® C. 
(103® P.), and this ought to be undertaken without the use of anti- 
pyretics. The coal-tar preparations are not safe remedies in yellow 
fever and they should be used with the greatest caution. Aspirin, antip 
pyrin and phenacetin are the safer ones, but they are better adminis- 
tered in combination with caffein to offset their depressing effects upon 
the heart and more as analgesics than as antipyretics. 

Gold water is by far the best antithermic that we can employ, since 
it not only lowers the temperature as often as we may wish to apply 
it, but it also promotes leukocytosis, relieves congestion and gives a 
sense of well-being after its application. The water should be at a 
temperature not lower than 21® C. (70® P.) except when the fever 
keeps high in spite of repeated sponging, when the water may be used 
at 16® C. (61® P.) or even 10® C. (50® P.). Sponging at four-hour in- 
tervals may be found sufficient ; no tubbing must be tried, remembering 
that the greatest quiet is the best for the patient. 

The use of various substances in the water for the bath, such as 
alcohol, bay-rum, vinegar, etc., is of secondary importance. 

Many conditions, some derived from the yellow fever itself, others 
as a result of complications or appearing in subjects who were much 
below par before their present attack, will have to be met during the 
course of the disease. Many cases will require at some stage of their 
attack more or less cardiac stimulation; this is best obtained with 
Strychnin or digitalin, used hypodermically. The use of the latter drug 
is quite advantageous, since it increases the urine at the same time; 
for this purpose alone, however, it should never be used. Alcohol, 
though contra-indicated in marked kidney involvement, is an excellent 
heart stimulant, especially in persons accustomed to its use, but it 
must be administered in enemata, very cautiously at first. For oral 
administration, iced champagne should be preferred to any other al- 
coholic concoction. 

For impending heart failure or syncope, hypodermic injections of 
camphor, dissolved in oil or ether, must be given; pure ether may be 
used at an emergency. 

The nervous symptoms, restlessness, insomnia, etc., are better met 
by hydrotherapeutic measures; the giving of drugs for such condi- 
tions, except opiates in hypodermic form, must be avoided. 

Attempts to treat yellow fever with specific antitoxins (Sanarelli) 
or vaccines (Freire), etc., have demonstrated their utter worthlessness, 
and the use of human serum in this connection has not gone beyond the 
experimental stage; from a practical standpoint, these means of treat- 
ment have nothing to recommend them. 

Treatment op Convalescence. — Most cases of yellow fever have a 
rapid and uninterrupted convalescence. There sre some, however, who 
have poor recuperative powers after the infection has entirely waned 
and they seem to pick up strength very slowly and laboriously. While 
many of our patients are up and about in a fortnight after their initial 
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chill, some of those who may have suffered from abundant hemor- 
rhages or had been in a typhoid state, will have the greatest trouble to 
regain their wasted powers. They often suffer from a condition of in- 
digestion or impaired functional digestive power, which, though not 
particularly dangerous, proves most taxing to the physician in charge. 
Too early an allowance of food, if solid or too highly seasoned, may 
bring about serious consequences. Sometimes patients have to be kept 
upon liquid diet for a considerable time. 

A good index will be the condition of the kidneys, that will point 
when a more varied diet than milk and gruel may be allowed. After 
the albumin has decreased considerably and shows a tendency to con- 
tinue diminishing, the patients may be allowed gelatins, made with beef 
or mutton broth, corn starch, custard, etc., the food being increased 
and varied with the greatest care. 

Jaundice often becomes marked during convalescence and persists 
for many weeks even after the patient is about his ordinary calling. 

The administration of tonics, by mouth or hypodermically, is very 
beneficial when the digestive system is in a condition to meet the de- 
mands of the renewed or increased appetite, which is to be expected from 
their use. 

Prognosis. — In uncomplicated yellow fever, that is, in cases that 
were not primarily affected by syphilis, hepatic, renal or cardiac disease, 
the prognosis, all other things being equal, is not as uniformly bad as 
it was formerly estimated. 

In a general way, it may be stated that it is quite favorable in the 
case of children, though we have seen a few of them tenninate fatally; 
patients over 50 years of age do badly, also drunkards, drug addicts 
and those who have been weakened by excesses of any kind or by ex- 
treme fatigue, after long marches, etc. 

The character of the fever and the amount of kidney involvement 
the author considers among the best signs upon which to base a prognosis. 
Cases where the temperature persistently reaches above 40° C. (104® F.) 
are generally fatal, or suffer grave inconvenience during convalescence. 
When the temperature remains around 39° C. (102° F.), it is a favorable 
sign, especially if a remission takes place during the first three days. 
Cases of continued high fever, in which there appears no distinct remis- 
sion in the early days, always do badly and often terminate fatally 
in spite of treatment. A rising pulse rate, with lowering of the tem- 
perature, is a very unfavorable sign. A marked diminution in the 
quantity of urine voided, or total suppression, is invariably unfavorable 
to the patient. 

The development of a typhoid state is not necessarily fatal, but it 
must be looked upon as an unfavorable sign; extreme nervous irri- 
tability is also unfavorable. Profound icterus, from the early stages, 
is very unfavorable. 

When the gastric irritation is not marked and the kidney signs 
keep in abeyance, a favorable prognosis may usually be made with 
some assurance. There are some cases which do not respond to the 
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therapeutic measures employed and from the very beginning of their 
attack show such unmistakable signs of severity that an unfavorable 
termination must be looked forward to. No doubt the pathological 
process in these cases is of such a nature and rapidity that the result- 
ing lesions quickly place the organs in a condition beyond repair. In 
these cases, delirium, black vomit and anuria soon develop. 

Relapses. — It has been claimed that relapses are more frequent in 
some epidemics than in others; however, they are comparatively rare 
in this infection. When they occur, it is usually one or two weeks 
after the disappearance of the fever. They are induced by excesses, 
either of food or drink, and are seldom accompanied by all the symp* 
toms of yellow fever, so that it is difficult to assert that an actual re- 
lapse has taken place and not a condition of indigestion developed. This 
notwithstanding, even a recurrence of albumin and gastric intolerance 
has been observed in several cases. 

Atypical cases have shown a sudden rise of temperature and a 
second or third period of fever taking place when the primary attack 
is about to terminate, the temperature continuing so for three or four 
days, before definitely coming down to normal or subnormal; but this, 
which might well be thought of as an unusual exacerbation of the original 
attack, cannot in justice be called or considered a relapse. 

Pathology. — It may be said at once that yellow fever has no 
pathognomonic lesion ; the changes in the various organs are such as 
we may meet in many other infectious diseases of the same severity. 
Yet, there is a certain group of lesions which, when occurring in cases 
of jaundice may safely be considered diagnostic; this group is to be 
found consisting of the skin, liver, stomach and kidney lesions. 

Yellow fever cadavers uniformly present the peculiar yellow tinged 
skin and conjunctwce. Only in the most severe and prolonged cases 
(that may have lasted ten or more days), do we see a very intense 
jaundice, such as is met with in acute yellow atrophy of the liver; the 
post-mortem jaundice in yellow fever is always quite evident but not 
pronounced. Besides jaundice, there may be some degree of emaciation ; 
but this is often absent, owing to the short duration of the disease, 
and is present mainly in cases that have died during convalescence from 
some intercurrent disease, or after ten days or a fortnight as the result 
of complications in the course of their yellow fever attack. 

The skin will also show ecchyraotic areas, particularly upon the de- 
pendent parts of the body. This is more often seen in very severe 
eases and several hours after death; small petechi® are very common 
about the feet and abdomen. 

The same yellow discoloration of the skin is evident upon cutting 
f,he body. The serous membranes and their liquid contents, as well 
as the adipose tissue layers, will be found more or less tinted. This 
condition, however, is present in almost all cases of jaundice. 

The lesions generally found in the principal organs are as follows: 

The liver is usually of normal size — sometimes slightly decr'eased 
in size. The consistency does not change, though in protracted cases 
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it has been found rather friable. The color^ that of chamois ddn, or 
a little darker, is the rule, but sometimes, and particularly in cases 
rapidly fatal, the yellow color is streaked with dark gray or purplish 
lines, or mottled, the yellow tint always predominating. A dark*eol* 
ored liver has been found exceptionally in chronic malarial subjects. 

On section, the organ will present the same appearance, but the an- 
atomical details will become prominent. Some degree of injection may 
be observed with little or no bleeding of the cut surface. Subserous 
hemorrhages upon the surface may occur in small patches, its exten- 
sion depending upon the intensity of the case. 

Histological sections of yellow fever livers give a most diversified 
picture in some points, while in others there is considerable uniformity. 
The writer believes the difference of opinion among various observers is 
due mainly to their having examined or prepared the tissues under vary- 
ing conditions. He had opportunity to work with absolutely fresh ^ 
material, that is, from autopsies made soon after death, and has thus 
been enabled to appreciate greater uniformity in many microscopical 
characters. Their interpretation, as regards pathogenesis, is a ques- 
tion still open to discussion and need not be dwelt upon here very 
extensively. 

There is a distinct fatty change in the liver cells, most of which 
will be found to contain numbers of minute droplets, disseminated in 
the protoplasm, which is never or rarely supplanted ; the nucleus remains 
practically unaffected. 

In some specimens, necrobiotic areas are found, principally in the 
intermediary zone, while the marked fatty changes are more prominent 
in the peripheral and central zones of the lobules. Both fatty cells 
and necrosis of single cells may be found throughout the lobule, but 
distributed in the manner indicated. Rocha-Lima lays great stress 
upon this common feature and considers it of special diagnostic sig- 
nificance. This, of course, cannot be granted until a sufficient number 
of specimens, derived from other diseases, are examined. It may also 
be noted that the variations as to the proportional changes in the liver 
cells occur not only in different livers but in different parts of the 
same organ. 

No “general disorganization’' of the parenchyma, as claimed by 
Azevedo Soudre and Couto, can be demonstrated, though upon 
first notice such may appear to be the case. In the necrotic regions 
referred to, the trabecute may indeed be found to have been destroyed 
as well, but this fact cannot be considered either typical of yellow 
fever or endowed with special significance. 

Although the nuclei of even the very fatty liver cells are as a rule 
but little affected, still a close investigation will reveal here and there 
certain changes that have been extensively dealt with by various au- 
thors, but which really cannot be admitted as being pathognomonic, 
nor unlike what is met with in other conditions of a marked degenera- 
tive process. Evidence of regeneration also, karyokinesis, etc., may 
be frequently found in liver cell nuclei. 
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In some areas of the liver, small zones of distinct hyperemia will 
be observed; the capillaries as well as the central veins are injected 
though not distended ; on the other hand, anemia of the organ is a very 
constant and marked character, particularly towards the periphery of 
the lobules. 

Hemorrhages are very common, in some instances of sufficient im- 
portance as to affect the tissues in their immediate neighborhood. White 
cell infiltration, more so of the necrotic areas, may be observed. 

In the endothelial cells of the capillaries, Seidelin particularly has 
found a peculiar fat-containing pigment. The author has observed such 
a substance, but generally occurring in the liver cells themselves; its 
main characteristic is its insolubility in fat-dissolving reagents '‘and 
stains with Sudan III even after treatment with alcohol and xylol, etc.*^ 
^Bile pigment is not found as a regular content of the liver parenchyma ; 
there is no real jaundice of the liver in this disease and the bile capil- 
laries are intact except in the necrotic patches above mentioned. 

The connective tissue around the portal veins is usually normal. In 
some specimens slight cell infiltration or edema may be observed ; other- 
wise, the stroma of the liver is neither increased in volume nor in any 
other way affected. 

The galUbladder is generally distended with clear bile, though some- 
times it is found almost empty; its walls are normal. 

The kidney is regularly involved in this disease. Microscopically 
it will appear, wrapped in a certain amount of yellow adipose tissue, 
normal in size, a little darker in color, the capsule smooth, shiny, per- 
haps a little more adherent than normal, with a few subcapsular hemor- 
rhagic spots. Upon section, it will be found dry, swollen and often 
with clear evidences of fatty changes in patches. Microscopically, the 
cells often contain fat droplets in great quantities, diffusely distributed 
throughout the organ, but more compactly arranged upon the yellowish 
spots. Necrotic changes are less frequent; more common than any other 
process is a granular degeneration of the renal epithelium, particularly 
of the straight tubules. Cloudy swelling is the most common kidney 
lesion in yellow fever; less frequently do we see a real acute nephritis. 

More profound changes in the kidney are usually due to previous 
condition of the organ and not to the yellow fever infection itself. 

The stomdch, of normal size, with perhaps a few subperitoneal 
hemorrhages, invariably contains a certain amount of blood as such, 
or as ^‘coffee-ground’' material. It is of the utmost rarity to find a 
stomach in yellow fever autopsies that has not suffered a more or less 
extensive hemorrhage. Sometimes the liquid is made up of the normal 
gastric contents mixed with flecks of blood in suspension, the classical 
“fly-wing” vomit, or only a bloody slime, covering the mucous mem- 
brane of the stomach, may be found. These different aspects depend, 
naturally, upon the amount of blood extruded and the time when it took 
place. It is reported that in rare instances no blood may be found in 
the stomach, but the writer has yet to see a case of yellow fever that 
ended in death without this characteristic sign. 
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The wall of the stomach is thickened, the mucous membrane 
edematous, showing upon its surface the site of ruptured blood vessels 
or under it, the presence of extravasated blood. Erosions the author con- 
siders to be usually of post mortem occurrence and ulcerations are rare, 
developing, no doubt, at the seat of hemorrhage in protracted cases. 
There are no more definite microscopic changes worth noting. 

The duodenum will regularly present the same characteristic picture 
as the stomach mucosa, and the hyperemia will be found diminishing 
gradually as we advance along the intestinal tract; it often contains 
bile in quantity. The intestinal contents are always bile-stained; there 
are no clay-colored stools in yellow fever, no matter how intense the 
degree of jaundice may be in the particular case. The conditions men- 
tioned as existing in the liver, kidney and stomach may be deemed suf- 
ficient upon which to base a diagnosis; there is no other disease in 
which these organs are so uniformly affected in that way, at the same 
time. 

The heart is found most often in diastole, flabby and soft, enveloped 
in more or less fat ; its size is generally normal, no organic lesion found 
may be attributed to yellow fever. The pericardium may contain a 
little more fluid than usual and slight hemorrhages may be present. 
The color of the heart muscle is pale and yellow streaked. The endo- 
cardium is also yellowish and may show small hemorrhages under it. 
There is no endocarditis in uncomplicated yellow fever. 

Microscopical examination only shows a degree of fatty degeneration 
of the muscle fiber. 

The endothelium of arteries and veins, as may be expected, is also 
tinged with yellow, but no special changes are apparent. 

'The spleen is usually of normal size ; exceptionally it may be found 
slightly enlarged; of normal color and consistency; there may be in- 
jection of the blood vessels. As a rule, the spleen is found enlarged 
only in malarial individuals or in cases of yellow fever complicated 
with other diseases. 

The pancreas is regularly enlarged; of pale color, somewhat softer 
than normal. The epithelium will appear in different portions of the 
organ with fatty changes or necrosed. No other marked changes can be 
observed though it is reported that some alteration has been observed 
in the islands of Langerhans. 

The central nervous system is not particularly affected. The Irain 
microscopically shows slight hyperemia of the cortex. Hemorrhages are 
rare, though they have been observed ; usually of limited extent. Micro- 
scopically no distinct lesion can be demonstrated. The meninges are 
as often hyperemic and in a general way the signs of congestion may 
be found of no diagnostic value. 

The respiratory organs have nothing distinctive, though in the pleurce 
small subserous hemorrhages are very frequent. The lungs are often 
very congested, but no real pneumonia can be shown upon microscopical 
investigation. Post-mortem infiltration and hypostatic congestion are 
common. 
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The uterine mucosa is nearly always found much congested and fre- 
quently blood is found in the uterine cavity. Under the microscope 
the muscle fibers will be seen affected with fatty changes. The same 
are found sometimes in the ovaries or testicles, which microscopically 
show no lesion whatever. 

History. — Whether yellow fever was originally an American or an 
African disease is a mooted question. It cannot be denied that the 
earliest positive knowledge of its existence is derived from American 
sources, but recent investigations seem to indicate that the disease has 
been endemic in the West Coast of Africa for more than a century, 
certainly, without causing much havoc or attracting very particularly 
the attention of the European rulers of that part of the world. Hence 
there is some justification in the theory that, exactly as malaria and 
other tropical diseases, it may have been no less prevalent there at the 
time that slavery was introduced in America, and unknowingly being 
brought, together with it, to this side of the Atlantic. 

In connection with this, it is interesting to note the reference made 
by one of the earliest writers concerning the West India Islands. In 
speaking of the malignant fevers, he says: "‘The bad air was brought 
there by some ships which came from the coast of Africa, etc.’^ 

On the other hand, it is difficult to explain why, if prevalent, or 
endemic, in West Africa, it did not invade European countries even 
before the discovery of America, or immediately after, when a veritable 
fever of exploration and conquest took hold of most of the civilized 
nations during the sixteenth century. 

Epidemics of this disease occurred during the eighteenth and nine- 
teenth centuries, causing a loss of life that was really appalling, prin- 
cipally in America, and invading coast cities from Portsmouth, N. H., 
to Montevideo in Uruguay, along the Atlantic, including the West Indies, 
Mexico and the Isthmus of Panama. 

The Boston expedition of 1693, which brought the disease from the 
Island of Martinique, is perhaps the earliest authentic record in the 
United States. The last epidemic occurred in this country at New 
Orleans in 1905, when more than 3,000 cases developed. Between these 
two events, all the Atlantic Coast and the Gulf States were invaded at 
one time or another, as may be readily seen by a perusal of the very 
complete history of the disease prepared by the late Gen. Geo. M. 
Sternberg, for the ^‘Reference Handbook of the Medical Sciences, 
which, of course, does not contain reference to the later epidemics at 
Laredo, Texas, and New Orleans and adjacent territory. JNo epidemic, 
perhaps, was so widely extended nor caused such a death-rate as that 
which invaded the United States in 1878, spreading from New Orleans 
as far north as Missouri, embracing 132 towns in eight states and re- 
sulting in 15,934 deaths, having developed more than 74,000 cases. In 
view of the present knowledge regarding the epidemiology of yellow 
fever, another such epidemic is never again likely to occur. 

In the meantime, as pointed out before, and mainly as the result 
of infection being carried out from America, several ports of Europe, 
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principally of France, Spain and Portugal, suffered outbreaks of yellow 
fever, of greater or lesser intensity ; the sources in every instance were 
traced to vessels arriving from some of the well-known foci in the west- 
ern hemisphere. Europe has now been free for many years from epi- 
demics of this disease, and the probabilities are, in spite of the West 
African endemicity, that no recurrence of yellow fever in any of its 
ports will be the cause of any great alarm from an epidemiologic 
standpoint. 

Since 1905, the disease has been gradually disappearing from its 
former haunts, and although appearing in various new localities, such 
as in Tocopilla, Chile, and lately in Buenaventura, Colombia, the fact 
is that it is being very decidedly stamped out in America, even by the 
half-hearted measures implanted in many of the countries most con- 
cerned; these results are, no doubt, due to the employment of rational, 
not to say scientific, means of defense, which are directed to its final 
extinction. 

Present Geographical Distribution. — The geographical distribution 
of the yellow fever infection has entirely changed from what it was 
several years ago. Although the American Continent is not quite free 
from infection, the divsease seems to have been extirpated from all parts 
save a small portion of territory comprising Northeastern Brazil, around 
Bahia. On the other hand, the so-called Gold Coast and Ivory Coast in 
West Africa has been the subject during the last two years of severe 
epidemics, covering most extensive territory along the coast and towards 
the hinterland^' as well. In all, nearly 450 cases have occurred during 
the time mentioned, from Portuguese Guinea to Cape Verde; the exact 
number of cases reported until December, 1927, reached 398, with a 
maximum of cases in Senegal (Dakar) of 230, the mortality being 65 
per cent. 

It cannot be denied that the present condition of things constitutes 
a serious menace to other regions of Africa and immediately to South- 
ern Europe and all countries bordering on the Mediterranean Sea. The 
means of communication have improved considerably since the World 
War, and commercial intercourse has been greatly stimulated by sea as 
well as by land; besides this, the specific mosquito is widely spread 
over the territory mentioned. 

The difficulty of an anti-mosquito campaign in a semi-civilized com- 
munity can be appreciated only by those who, at some time or other, 
have undertaken to carry it out; the opposing forces under those cir- 
cumstances are almost unconquerable. 

Should yellow fever appear again in European countries, however, 
its suppression will not be a very serious problem. 
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Synonym. — Cholera. 

Definition. — Cholera is an acute specific disease, caused by the SpiriU 
him cholercp asiaticce, discovered by Koch in 1883, and characterized clin- 
ically by a profuse painless diarrhea, vomiting, rapid collapse, muscular 
cramps, and suppression of urine. 

Etiology. — Predisposing Causes. — There appears to be no difference 
in sex or age susceptibility. Overcrowding and bad ventilation 
are predisposing cauvses; as are worry, underfeeding, acute infectious 
diseases, overexertion and alcoholism. One of the most important pre- 
disposing causes is gastro-intestinal disturbance ; and, in the Philippines 
we expected an increase in the number of cases of cholera after a flight 
of locusts, on account of the gastro-intestinal disturbance resulting from 
the eating of the locusts. Healthy persons, carrying the cholera vibrio in 
their intestine, may develop an attack of cholera after a cathartic, or' 
after some gastro-intestinal disturbance ; and it is not uncommon to see 
a return of the symptoms in a dh^lera convalescent after some indiscre- 
tion of diet. 

Exciting Cause: The Organism^Iii 1883 Koch discovered the spe- 
cific cause of cholera, first in Egypt, and later in India. The Spirillum 
cholerce asiaticce is a short, slightly curved rod, about 1.5 microns long, 
with a single flagellum at one end, and actively motile. It grows well 
jpji all ordinary culture media, and its ability to grow in alkaline media 
is taken advantage of in developing various special media for its growth. 

^ The El Tor strains of the cholera vibrio produce heSEiolysis in fluid 
blood media, while the genuine strains of the cholera vibrio do not pro- 
duce hemolysis in such media. Both types produce a clear zone around 
the, colony on blood agar ; but this is not due to hemolysis in both cases : 
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the genuine cholera vibrios produce this zone as a result of their digestive 
action on the blood-cells. 

A number of laboratory workers have taken cultures into the stomach, 
partly by accident and partly by intention. In some eases where old 
cultures were taken there were no symptoms. In a number of accidental 
laboratory infections there have been all degrees of severity of the infec- 
tion, from mild diarrhea to rapidly fatal cholera. One of the most inter- 
esting experiments is that of Pettenkolfer and Emmerich, who took 
cholera cultures with the intention of testing whether the cholera vibrio 
caused cholera. They took some alkali to neutralize the gastric juice, and 
then drank water to which they had added small amounts of a fresh 
culture of the cholera vibrio. Petteiikoffer developed a mild diarrhea ; 
but Emmerich developed a severe attack of cholera which came near to 
costing him his life. 

The cholera vibrio does not form spores or any resistant form. 
Healthy persons, who have not had cholera or diarrhea, may pass cholera 
vibrios in their stools for a month or two. Following cholera, the vibrios 
usually disappear from the stools in eight to ten days ; but they may 
persist for over sixty days. Dunbar found living cholera vibrios in stools 
after being kept at room temperature and on ice for one hundred and 
sixty-three days. The vibrios stand temperatures well below freezing, 
and they will stand alternate freezing and thawing. The cholera vibrios 
die quickly after the death of the i^atient, and there is no contamination, 
of the ground in which the body is buried. The vibrios die in guinea 
pigs, fifteen to twenty days after burial. 

The behavior of the cholera vibrio in water is of special importance, as 
cholera is commonly a water-borne disease. Tn some waters, the vibrios 
die very quickly, while they live and multiply in other Avaters. In sterile 
water the vibrios will live for a year; and they have frequently been 
isolated from water in rivers, wells and tanks. In view of the large 
number of cholera-like vibrios which are found in waters, fish, and in 
the stools of healthy persons, it is very important to make a complete 
determination of all vibrios isolated, before concluding that one is dealing 
with a cholera vibrio. The cholera vibrio does not live more than five or 
six days on food, and it does not live long in unsterilized milk, on account 
of the acidity of the milk as soon as it begins to sour. There is danger 
of infection from green vegetables that have been fertilized with human 
feces. 

The cholera vibrio does not stand drying, and it dies in a few days on 
clothing kept under ordinary conditions. There is no danger of infection 
from dust. It resists sunlight for some time, but is killed by 10 minutes’ 
exposure to a temperature of 50^ C. (122° F.). It is readily killed by 
all of the ordinary disinfectants. 

Epidenviology. — (a) Source of Infection , — The source of infection in 
cholera is man. 

In the clinical case of cholera, the vibrios are passed in enormous num- 
bers in the stools, and are at times present in the vomitus. > Greig found 
cholera vibrios in the urine of 8 of 55 cases of cholera. He also cultivated 
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the cholera vibrio from the lung of a case of cholera with pneumonia, 
and he suggested the possibility of spread through the sputum in such 
cases. 

Mild cdses of cholera, amounting to little more than a simple diarrhea, 
are important sources of infection. Convalescent cases rarely excrete 
the vibrios in the stools for longer than seven to ten days, though they 
may continue to excrete the vibrios for as long as sixty-five days. 

Vibrio carriers are numerous in epidemic centers, and it is very com- 
mon to find one or more vibrio carriers in a house where a case of cholera 
has developed. In Manila, six to seven per cent, of the healthy persons 
in some of the infected neighborhoods were carriers of the cholera vibrio. 
Heiser reports that of 876 contacts in connection with 72 cases, 40 showed 
vibrios in the stools, 29 being the choleia vibrio. Munson reports a 
systematic examination by the Health Stations in Manila: of 29,448 
persons examined, 526 (1.78 per cent.) were carriers of the cholera 
vibrio, this percentage going as high as 2.4 in one health district. None 
of these persons were cholera suspects. In Bilibid Prison, 5 per cent, of 
the inmates were carriers of the cholera vibrio. Some of these persons 
developed cholera after carrying the vibrio for 17 to 18 days, one such 
case dying within 8 hours after the onset of the illness. 

Pottevin examined the feces of 14,158 Egyptian pilgrims at Tor, in 
the winter of 1912-1918: 13,612 were healthy persons; 480 were sick 
in the hospital, and 66 were postmortem examinations. Vibrios were 
found 106 times (7,4 per 1000), 69 (4,8 per 1000) being cholera vibrios. 
In the 18,612 healthy persons, vibrios were found 40 times (2.8 per 
1000) ; 1.7 per 1000 being cholera vibrios. Tie also found that persons 
sick of some other disease than cholera, (*spc*cially dysentery, were very 
commonly carriers of the cholera vibrio — the incidence being as high as 
79 to IfO per thousand. 

Pottevin finds healthy carriers are especially numerous among chil- 
dren. Of 8,173 examinations in St. Petersburg, in ] 909-1 910, he found 
6.6 per cent, of carriers among healthy adults; 9.8 per cent, among 
children 1 to 15 years old, and 20 per cent, among children less than 
1 year old. 

It is to be borne in mind that, in the case of carriers, the vibrios may 
appear in the stools intermittently. For this reason, the Philippine 
Board of Health insists on repeated examinations of the stools of nega- 
tive persons in the search for cholera carriers. 

Undoubtedly the carriers and the mild cases are of the greatest 
importance in the spread of the infection in a community and along 
routes of travel. 

There is no evidence that any lower animal harbors the cholera vibrio, 
or plays a part in its spread to man. In the l^hilippines, it was sug- 
gested that the pig, on account of its special function as a scavenger, 
might play a part in the spread of the cholera vibrio. Numerous feeding 
experiments, even to having a part grown pig drink a liter of rice-water 
stool from a case of cholera, were carried out ; but the cholera vibrio was 
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never found in the rectal contents of the pigs, either before or after feed- 
ing material containing cholera vibrios. 

(h) Mode of Transmiss^ion . — Cholera is spread in the same way as 
other diseases in which the infectious agent is contained in the feces, and 
is taken through the mouth. 

Water is one of the commonest modes of transmission of the cholera 
vibrio. The organism lives for a long time in water, and the fecal 
discharges of cholera patients or carriers, passing into water supplies, 
may cause an explosive epidemic. An example of the water-borne epi- 
demic of cholera is the Hamburg epidemic in 1892. The water of the 
river Elbe, infected by the discharges of cholera patients among some 
immigrants, was distributed throughout the city for drinking, without 
purification. Beginning with an occasional case over some weeks, there 
was a sudden outbreak of the disease, this outbreak reaching its height 
in ten days with 1000 cases in a day, and then gradually subsiding during 
the next two months. Vegetables washed in contaminated water may 
convey the infection. 

Milk is not so frequently contaminated, probably on account of the 
acid reaction that develops when milk sours. However, Ileim demon- 
strated living cholera vibrios in milk that had been sour for six days. 
Milk may be contaminated by the use of contaminated water, in washing 
the cans or as an adulterant. Milk is not used to any great extent in 
many of the countries in which cholera is prevalent. 

Contact infection is a common mode of transmission of cholera. This 
is especially apt to be the case where a number of people live in close 
contact, and eat and drink from a common dish or bowl, not infre- 
quently dipping the fingers into the •common food dish. An example of 
contact infection is an epidemic on a ship that left Naples for Brazil, in 
1893, with 1472 deck passengers. Cholera broke out among the pas- 
sengers on the way, and the ship could not land her passengers in Brazil, 
but had to return to Italy with them. The round trip from Italy occupied 
nearly two months, and 141 of the passengers died on the trip. Persons 
handling the clothing and bedding, soiled with the cholera discharges, arc 
not infrequently infected. 

FUes transmit the cholera vibrio, just as they transmit the typhoid 
bacillus, and in the same way. As the cholera vibrio does not stand dry- 
ing, it is not so readily transmitted by the feces-soiled legs and body of 
the fly. The cholera vibrio will live in the intestine of a fly for at least 
three days ; and the feeding habits of flies — feeding on fecal matter and 
on the carbohydrates of man’s food — make them especially adapted to 
carrying the cholera vibrio from feces to man’s food. Moreover, the 
necessity for the fly to take liquid or semi-liquid food accounts for its 
habit of regurgitating a drop of fluid from its crop onto the food and 
then sucking up the drop with the dissolved food. Finally, a fly de- 
fecates frequently when feeding. Thus, the fly, after walking on, and 
feeding on, feces containing cholera vibrios, walks on, regurgitates on, 
and defecates on, the food of man, in that way carrying the cholera 
vibrio from the contaminated feces to the food. 
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As the cholera vibrio does not stand drying, there is little danger of 
transmission through dust or on articles of furniture. The vibrio will 
live for some days in clothing and bedding that is rolled up without 
any special attempt at drying. 

Where transmission is by contact or by flies, there is not the eX' 
plosive outbreak that is seen when the transihission is by water. Instead, 
the so-called “cholera nests’’ appear about the point where a case de- 
velops ; and it may be difficult to trace the connection between the cases 
or between the nests. In some of the towns in the Philippines, these 
“cholera nests” were very clearly developed after the cholera had been 
going in the town for some time; and these nests of a few houses were 
widely scattered through the town, without any traceable connection with 
each other. 

(c) Susceptihility . — All races, all ages, and both sexes are susceptible 
to infection with the cholera vibrio. Overwork, worry, gastro-intestinal 
disturbances, and alcoholics excesses increase the susceptibility to 
infection. 

(d) Mechanism of the Disease Process . — In a cholera epidemic, not 
all persons who take the cholera vibrio into the stomach develop cholera. 
Among those who develop the disease there are all grades of severity, 
from mild diarrhea to the severe and rapidly fatal cases. The main 
reason for the difference in severity of these cases would seem to be in 
great part due to the difference in resistance of the intestinal epithelium 
and the general resistance of the person. It is knowm that cholera is more 
severe in persons who are weakened from any cause. The causes of 
natural immunity, and of difference of susceptibility in different indi- 
viduals, are not known. 

When a person takes cholera vibrios into the stomach wdth water or 
food, many of the vibrios arc killed by the acid in the gastric juice. 
Put large masses of food and large amounts of whaler may protect the 
vibrios or dilute the gastric juice to such an extent that the vibrios are 
not killed in the short time they remain in the stomach before being 
passed on into the small intestine. If the person has some gastro- 
intestinal disturbance, or wmrry, there may be a lessened acidity of the 
gastric juice; and at times and in some persons the gastric juice is low 
in acid. When the vibrios reach the small intestine, they find the alka- 
line reaction of the contents suitable for their rapid multiplication. 
At times there are no symptoms, and the patient is simply a temporary 
carrier of the cholera vibrio. Frequently there is a mild diarrhea, which 
is over in a short time. Under such conditions, any indiscretion in 
diet or any stopping of peristalsis may lower the resistance of the in- 
testinal epithelium, and the patient may develop a sharp attack 
of cholera. As long as the cholera vibrio develops in the intestinal con- 
tents only, there will not be any very severe symptoms, as it does not 
secrete a soluble toxin. But, when the resistance of the intestinal epi- 
thelium is lowered — or perhaps some strains of the cholera vibrio are 
more invasive than others — ^the vibrios invade the epithelium. The 
vibrios are broken down in the epithelial cells and in the lymph spaces 



54 


ASIATIC CHOLERA 


between the epithelial cells; and the toxin thus liberated causes necrosis 
and desquamation of the epithelium. The toxin is absorbed and causes 
the acute intoxication of the typical attack of cholera. 

The body reacts to the absorption of the toxin by the pouring out of 
large amounts of fluid into the gastro-intestinal tract. This pouring 
out of the body fluid causes the dryness and shrinking of the tissues, the 
concentration of the blood with the resulting low blood pressure, and the 
suppression of urine. The abundance of albumin and casts in the urine 
is probably dependent for the most part on the nephritis which develops 
early in cholera. 

The nephritis leads to a marked acidosis in cholera, and it is probable 
that part of the symptoms are due to this. Thus, the so-called stage of 
asphyxia and coma may be due to an extreme acidosis. The ammonia 
excretion is high ; the carbon-dioxid content of the blood is diminished ; 
the excretion of acetone bodies is normal. The muscular cramps are 
usually ascribed to the loss of water from the nerves; but they may be 
connected with the loss of calcium salts as a result of the great out- 
pouring of fluid into the intestinal tract. The destruction of the intes- 
tinal epithelium, and the lowering of the resistance, pave the way for 
secondary infections. 

The cholera vibrio reaches the gall-bladder in a rather large percen- 
tage of cases of cholera. Greig found the vibrio in the bile of 80 out of 
271 cases of cholera, and in twelve of the cases there were pathological 
changes in the gall-bladder. In most of the cases in which the cholera 
vibrio is found in the bile, it is in pure culture. 

There is difference of opinion as to the manner in which the cholera 
vibrio reaches the gall-bladder ; and whether there is general infection. 
Nichols is of the opinion that the gall-bladder infection results from a 
portal or general septicemia, with elimination of the organism in the bile. 
Greig is of the opinion that the organism reaches the bile-ducts through 
the lymph stream and at times goes up the ducts from the duodenum ; but 
that it does not pass through the blood stream. Greig found the cholera 
vibrio in a lymph gland near the duodenum ; in the liver, especially in 
the region of the gall-bladder ; he found it in the exudate in the pul- 
monary alveoli in cases of cholera with j)neumonia, and in the wall 
of the urinary bladder. This, with the cultivation of the vibrio from 
the lung and the finding of it in the urine in cases of cholera, leads Greig 
to the opinion that a septicemia occurs in many cases. Sanarelli, working 
with young rabbits, was never able to get the cholera vibrio past the 
stomach ; but, when injected subcutaneously or intravenously, the vibrios 
reached the intestine, and typical cholera occurred. Adult rabbits lost 
their immunity when the colon bacillus or its products was injected intra- 
venously or into the wall of the appendix. From this, Sanarelli is of the 
opinion that the cholera vibrio passes through the mucosa of the mouth 
and the tonsils and reaches the intestine through the blood and lymph 
channels, first appearing in the region of the ileocecal valve. 

Death takes place in the stage of collapse, or later from uremia and 
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acidosis. In cholera sicca, death is due to the profound toxemia, before 
diarrhea sets in. 

The tendency of the disease is to recovery by the production of anti- 
bodies. Immunity following an attack is of short duration, and second 
attacks of cholera are fairly common. 

Symptomatology. — CniNiCALi History. — The period of incubation is 
a few hours to five days — ^usually about three days — during which time 
there are no symptoms. The disease sets in with a mild diarrhea, which 
is usually painless, but may be accompanied by colicky pains. At first 
the stools consist of thin fecal matter of about normal color. The 
diarrhea rapidly increases, and soon the stools become profuse, colorless 
and watery, rendered slightly opaque by tlocculi of intestinal epithelium, 
giving the appearance of rice-water or thin gruel. The stools are alkaline 
in reaction, and have an albuminous odor. The stools are passed without 
colic or tenesmus, there being rather a feeling of relief as the enormous 
amount of fluid is passed. 

Vomiting sets in at the same time the diarrhea increases. At first the 
stomach contents are vomited ; but very soon the vomitus takes on the 
character of rice-water. The vomiting is projectile, and the fluid gushes 
from the mouth and soils everything about. 

With this great loss of fluid from the body, the tissues very soon be- 
come dry and shriveled : the skin is wrinkled and inelastic, giving rise to 
the waslierwoman ’s fingers; the eyes are sunken; the nose is pinched; 
and the cheeks sink, leaving the cheek bones prominent. Painful cramps 
appear in the muscles of the legs, thighs, arms and abdomen. The voice 
becomes weak and husky. The secretion of sweat and urine is reduced 
to a minimum. The respirations are rapid and shallow; the heart sounds 
are faint, and the jmlse is feeble; the blood-pressure falling to 50 to 70 
mm., or it may be impossible to measure it. The skin becomes cyanotic, 
especially about the nails and the lips, and the face assumes a dusky gray 
hue. There is intense thirst. 

The rectal temperature may be 88.9'^-40^ C. (102^-104° F.) ; but the 
surface temperature is subnormal : the skin feels cold and clammy, and 
may be. moist with a sticky perspiration. The reflexes are diminished; 
the mind is clear, though tlie patient is ai)athetic ; there is complaint of 
exhaustion, especially from the profuse stools; there is air-hunger, pal- 
pitation of the heart and faintness. 

All of these symptoms may increase: the cyanosis increases to a dark 
gray or violet color ; the heart-sounds are weak and irregular ; the pulse 
is lost; respiration is shallow and labored, sometimes giving the name 
of aspliyxial stage to the condition; the vomiting and diarrhea gradually 
cease; there is total suppression of urine; the patient passes into coma 
and dies. 

Instead of progressing to a fatal termination, the symptoms may 
become less marked, and the patient enters the stage of reaction. The 
vomiting ceases ; the stools become less numerous and gradually return to 
normal; the pulse returns; the skin becomes warm and regains its 
elasticity and fullness; the cyanosis disappears, and the skin and mucous 



56 


ASIATIC CHOLERA 


membranes become normal in color ; the secretion of urine returns ; and 
the patient has returned to complete health in a few days. 

But, in many cases, with the stage of reaction, temperature remains 
elevated to 38.3° or 38.9° C. (101° or 102° F.), the cheeks flushed, and 
the mucoiis membranes bright pink in color; the pulse is full and bound- 
ing, with the blood-pressure as high as 160 to 180 mm. ; there is constipa- 
tion, and complete suppression of urine. The tongue and lips are dry 
and cracked, and are covered with brownish sordes. There is headache ; 
the patient becomes apathetic, passes into delirium, and dies in coma. 

In some cases, instead of reaction setting in, the cyanosis continues ; 
the pulse is soft, with normal or subnormal blood -pressure ; the diarrhea 
continues and may be bloody ; the urinary secretion is not established ; 
and the patient dies on the fourth or fifth day. 

Soucek saw cholera rashes rather commonly in an epidemic on the 
eastern front. One-fourth of the rashes w^ere urticarial, the others macu- 
lar like measles. The urticarial rash generally appeared about the fifth 
or sixth day; and the macular rash appeare<l about the ninth to twelfth 
day. The macular fonn appeared on the face, and spread over the 
body in one to three days. The rash lasted three to six days. The 
appearance of the rash coincided with improvement in the condition ; and 
Soucek suggests that it is anaphylaxis. 

Laboratory Findings. — In the stage of collapse, the blood is thick 
and may not flow when a vein is cut. The thickening of the blood is 
due to the loss of water from the tissues. While in normal blood the cor- 
puscles are about 45 per cent, of the bulk of the blood, in the stage of 
collapse in cholera, the corpuscles may be as much as 80 per cent, of the 
bulk of the blood. The red-cell count, as well as the leukocyte count, is 
high according to the concentration of the blood, there being no evidence 
of leukocyte reaction. The carbon-dioxid content of the blood is de- 
creased. As early as nine hours after the onset of symptoms, the urine 
may contain albumin ; and later the scanty urine is loaded with albumin, 
and hyaline and granular casts. The ammonia in the urine is increased ; 
the urea is diminished; there is no change in the acetone bodies. There 
is increased tolerance to sodium bicarbonate. 

Diagnofiis. — Differential Diagnosis on the Clinical History. — 
During an epidemic, the diagnosis is readily made from the clinical 
picture of profuse painless diarrhea of rice-water stools, vomiting, cya- 
nosis, rapid shallow respiration and feeble pulse, with suppression of 
urine and muscular cramiis. But various metallic and meat-poisonings 
may give all the symptoms of cholera, and can be differentiated only by 
bacteriological examination. Bacillary dysentery may be mistaken for 
cholera, especially those cases of cholera in which the enteritis continues 
for some days. Pottevin found that dysentery and cholera were at times 
combined ; and it must be remembered that dysentery patients are very 
frequently carriers of the cholera vibrio. 

Cholera must be differentiated from cases of Bdcillus aertrycke in- 
fection: the abdominal pain, absence of suppression of urine, and ab- 
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sence of rice-water stools will help; but a definite diagnosis can be 
made only by a bacteriological examination of the stools. 

In children the meningeal symptoms may be marked ; and in Manila 
it was not uncommon at the i)Otrlmortem table to find cases of cholera 
which had been clinically diagnosed as meningitis. Pottevin also noted 
marked meningeal symptoms in children with cholera. 

Laboratory Diagnosis. — The blood-serum of a cholera patient does 
not usually develop agglutinins early enough to be of assistance in 
diagnosis. Greig studied the agglutinins in cases of cholera, and found 
that fatal cases occasionally agglutinated as high as 1 : 40 ; but that tlu‘y 
usually gave no agglutination. In non-fatal cases, the agglutination 
increased to the sixth day, and dropped after the twentieth day: high 
titers — 1 : 400 to 1 : 1000 — were occasionally obtained. Carriers show 
agglutination for some time, and this may help in tracing them. When 
cholera-like vibrios were isolated from a stool which also contained 
cholera vibrios, there were agglutinins for the cholera vibrio only, and 
none for the cholera-like vibrio. Normal human serum does not agglu- 
tinate the cholera vibrio above 1 : 20, and very rarely above 1 : 10. 

Bacteriological^ diagnosis is the principal method of laboratory diag- 
nosis of cholera; and, as a bacteriological diagnosis can be made very 
early in the disease, it is of great importance in the fight against cholera. 

It may be j^ossible to make a diagnosis by the direct examina- 
tion of the stool. A small flake of mucus from the stool is placed on 
a slide, without spreading; it is allowed to dry, and is stained with a 1 :9 
dilution of carbolfuchsin. The cholera vibrios appear as typical comma- 
shaped bacilli, easily distinguished from the other intestinal bacteria. 
It is necessary to be familiar with the appearance of the normal stool, in 
order to avoid confusion with the slender spirilla that are common in 
normal and diarrheal stools. 

Dunbar has suggested a method of agglutinating the cholera vibrios 
directly in the feces. Several shreds of mucus are taken from the stool, 
and each shred is rubbed up in a drop of peptone water on a cover glass. 
To some of the cover-glass preparations is added a drop of a 1 : 50 dilu- 
tion of normal rabbit serum, and to others is added a drop of a 1 : 500 
dilution of a high titer cholera-agglutinating serum. In the prepara- 
tions to which the cholera-agglutinating serum has been added, the 
cholera vibrios soon lose their motility, while in thq controls, to which the 
normal serum has been added, the cholera vibrios are actively motile. 
This method is of value in eases where the cholera vibrios are present 
in almost pure culture; but a negative result is not to be considered as 
of diagnostic value. 

Cultures . — The most satisfactory method of bacteriological diagnosis 
is to make cultures from the stool or intestinal contents, and to study the 
organisms in those cultures : cultures must always be made, even when the 
other methods are used. A shred of mucus is placed in a tube of peptone 
water, and is rubbed up on the side of the tube. The peptone water tubes 
are incubated for six to eight hours, and then a loopful of fluid from 
the surface of the tube is examined by smearing it on a slide, drying with 



58 


ASIATIC CHOLERA 


gentle heat, staining with a 1 : 9 dilution of carbolfuchsin, and examining 
under the microscope. From any tubes which show comma-shaped 
bacilli, agar plates are streaked, and are incubated for twelve hours. 
Agar plates may also be streaked directly from the feces, at the time the 
peptone water tubes are inoculated. 

For the plates, 3 per cent, agar must be used, and the surface must be 
well dried by inverting the plates in the incubator, with the lid off, for 
half an hour before streaking them. A glass rod, a platinum loop, or a 
pledget of cotton can be used for streaking the material on the plates ; the 
requirement being that there shall be isolated colonies on the plates. The 
vibrio colony has a very characteristic appearance on the agar plate: 
it appears as a pale disk, which is slightly opalescent and iridescent by 
transmitted light. At times the colonies are clear and transparent; at 
other times they may have a yellowish-white appearance, somewhat like 
colonies of the colon bacillus. 

A microscopic slide agglutination is made from the characteristic 
colonies on the agar plates. A loopful of a 1 : 500 dilution of a high titer 
cholera-agglutinating serum is placed on a slide, and with a platinum 
needle a small amount of material from one of the characteristic colonies 
is rubbed up in the loopful of serum. Cholera vibrios will be instantly 
agglutinated to a curdy appearance, while the cholera-like vibrios and 
other bacteria will rub up to a milky emulsion. The diagnosis is com- 
pleted by staining some of the material from the colonies, which aggluti- 
nate in the cholera serum, and by streaking material from the same 
colonies on agar tubes and studying them further, especially by testing 
their agglutinability in a cholera agglutinating serum and by testing 
them by the Pfeiffer phenomenon. In a large number of cases in Manila, 
in which a diagnosis of cholera was made from the microscopic slide 
agglutination, we never found the method in error when the organism 
was carried through further tests. McLaughlin and Whitmore also 
studied a number of cholera-like vibrios, isolated from various sources, 
including the stools of persons in the cholera-infected districts ; and they 
were never able to make any of these cholera-like vibrios take on the 
characteristics of cholera vibrios, and were never able to show that the 
microscopic slide agglutination method had failed to differentiate a 
cholera vibrio from a cholera -like vibrio. 

In the Philippines, where it was often necessary to send material 
some distance to the laboratory, agar slants with a sterile swab were 
sent out to the various health officers. A swab of fecal material, either 
from a stool, or from the rectum in case the patient was found dead, was 
spread over the surface of the agar in the tube, and the tube was sent 
in to the laboratory. We succeeded in isolating cholera vibrios from such 
tubes when they had been as long as fifteen days in transit to the labora- 
tory, under the ordinary temperature conditions in the tropics. Pangani- 
ban and Schobl have tested various methods of preserving cholera vibrios 
in stools. They find that salt solution, in concentration from 0.5 to 5 per 
cent., will preserve the vibrios for five weeks: stronger solutions of salt 
were not satisfactory. Bile, as suggested by Ottolenghi, was more satis- 
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factory than salt solution. When mixed with a salt solution suspension 
of feces, so the final mixture contained 25 to 50 per cent, of bile, the 
vibrios were preserved for seven weeks. It is advisable to emulsify the 
stool in bile or physiological saline solution for sending to a distant 
laboratory. 

Culture Media . — While peptone solution is satisfactory as an en- 
riching medium in general, where the cholera vibrios are scarce some of 
the other enriching media will give better results. One of the best of 
these enriching media is Goldberger’s egg-peptone solution, which is 
made as follows: an egg is shaken up with an equal volume of water; 
tliis mixture is mixed with an equal volume of a 5 per cent, solution 
of sodium carbonate, and the mixture is steamed in the Arnold for 
one hour. One part of this egg mixture is added to nine parts of pep- 
tone solution, and tlic mixture is filtered and sterilized. The egg-pep- 
tone solution is used in the same way as is the ordinary peptone solution. 

Instead of ordinary agar for plating, a number of selective media 
have been developed for the detection of the cholera vibrio, all of these 
media depending for their usefulness on the fact that the cholera vibrio 
grows well on a medium of such alkalinity that the common intestinal 
bacteria do not grow on it. 

Dieudonne’s .alkaline blood medium is one of the most commonly 
used of these selective media. Equal volumes of defibrinated blood and 
normal potassium hydrate solution are mixed, and the mixture is steril- 
ized in the autoclave. Seven jiarts of ordinary agar, neutral to litmus, 
are mixed with three parts of this alkaline blood, and plates are j)oured. 
Before use the plates are allowed to stand at 87*^ C. for twenty- four 
hours, or at 60° C. for five minutes. The plates must stand for twenty- 
four hours before they can be used. The reason for this is that a large 
amount of ammonia is formed from the alkaline blood mixture, and 
this inhibits the growth of the cholera vibrios. On this medium, the 
cholera vibrias and cholera-like vibrios grow well, while the colon bacillus 
and other bacteria are inhibited. In twelve to twenty-four hours the 
vibrios appear as large, round colonies, light gray in transmitted light 
and hyaline in reflected light. A disadvantage of Dieudonne's medium 
is that the cholera colonies grown on this medium are sometimes diffi- 
cult to emulsify, and this interferes with the agglutination. 

Goldberger's medium for plating is prepared as follows: Ordinary 
meat infusion is neutralized to litmus with 5.3 per cent, solution of 
anhydrous sodium carbonate, and then 2.5 c.c. of the 5.3 per cent, 
sodium carbonate solution is added to each 100 c.c. of the medium; 
the medium is heated in the Arnold for half an hour and filtered. One 
part of this alkaline meat infusion agar is mixed with three parts of 
ordinary 3 per cent, agar, and plates arc poured from the mixture. 
The plates are dried aqd used in the regular way. 

Aronson’s medium has been highly recommended. Aronson com- 
bined sugars to favor the growth of the cholera vibrio, and the color 
reaction of Endo’s medium, in an alkaline medium to prevent the 
growth of the ordinary intestinal bacteria. To 100 c.c. of ordinary 3.5 
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per cent, agar add 6 c.c. of a 10 per cent, solution of sodium carbonate, 
and steam for 30 to 15 minutes in the Arnold. While it is still hot, 
add 5 c.c. of a 20 per cent, solution of cane sugar (saccharose), 5 c.c. 
of a 20 per cent, solution of dextrin, 0.4 c.c. of a saturated alcoholic 
solution of basic fuchsin, and 2 c.c. of a 10 per cent, solution of sodium 
sulphite. The solutions of the sugars are sterilized before adding, and 
the medium is not sterilized after the sugar solutions are added. 
When completed, the reaction of the medium should be about — 3 per 
cent, to phenolphthalein. In the preparation of the medium, a precipi- 
tate forms. This precii)itate settles rapidly, and from the supernatant 
fluid plates are poured, and dried at 50*^ C. for half an hour before 
using. A large amount of suspected fecal material can be inoculated 
directly onto the plate, as the colon bacillus does not grow. Cholera 
vibrios develop in 10 to 12 hours, and begin to turn red in 15 to 20 hours. 
The vibrios emulsify well ; and the large colonies furnish sufficient 
material for agglutination and microscopical examination, and for inocu- 
lation of plates. 

While the colon bacillus does not grow on Aronson's medium, it 
remains alive and may appear in transplants from cholera vibrio colonies 
from the plate. For this reason, in order to get the cholera vibrio in 
pure culture from the Aronson plate, it is necessary to streak from the 
colony onto a plain agar plate. After 24 hours the colon bacillus may 
begin to split the sugars in Aronson's medium, and so obscure the colo- 
nies of the cholera vibrio. 

Volpino found that the cholera vibrios did not always produce red 
colonies on Aronson’s medium when incubated over night. He then 
examines all colonies that develop on the plate, by agglutination and 
microscopically. Volpino considers that ordinary agar, of the alka- 
linity of Aronson’s medium, is almost as good as Aronson’s medium 
for rapid diagnosis. It would, seem advisable to add the sugars to the 
ordinary agar in order to hasten the growth of the cholera vibrios. 

These selective media make it possible to detect cholera vibrios, 
even when they are present in small number in the stool, as it is pos- 
sible to use a large amount of the fecal material for the inoculation. 
Cholera-like vibrios grow on these selective media; and it is very im- 
portant that the organisms which develop are tested by agglutination 
and further culture, in order to determine the nature of the colonies. 

The cholera^red re<xci\on may be of value in the bacteriological diag- 
nosis; but this reaction very frequently fails unless the culture of the 
cholera vibrio is pure. It may be tried. on the first or second peptone 
culture, after about 18 hours' incubation; but it is advisable to make 
the test on a peptone tube inoculated from one of the characteristic 
colonies on an agar plate. This reaction depends on the fact that the 
cholera vibrio produces both indol and nitrites in peptone solution and, 
when a few drops of sulphuric acid are added to the peptone-solution 
culture, a cherry red color is produced. 

Oelatin cultures of the cholera vibrio do not give any information 
that cannot be obtained other ways; and, since gelatin is difficult to 
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work with, especially in the tropics, it is not advisable to use gelatin 
cultures. 

Complications and Sequelae. — Since acute nephritis develops in prac- 
tically all severe cases that survive to the stage of reaction, this con- 
dition can hardly be classed as a complication. But the frequency and 
danger of this condition must be borne in mind. Most of the compli- 
cations occur during the stage of reaction, and are due to secondary 
infection. Lobar pneumonia, and diphtheritic infiammation of the 
mucous membranes of the gastro-intestinal tract are fairly common. 
Pregnant women usually abort, due to the action of the cholera toxin 
on the uterine muscle during the cramps. Suppurative parotitis, local 
suppurations, and gangrene, especially about the genitalia, may occur. 
Hematuria rarely occurs. If the patient survives the acute nephritis, 
there is apparently complete recovery of the kidney. Edema rarely 
occurs in the acute nephritis. 

Clinical Varieties. — The typical ease of cholera, cholera grains, with 
the stages of evacuation, collapse and reaction, has been described 
above. 

Cholerine . — Cholerine is a milder form of the disease, in which there 
is active diarrhea; but there is no collapse, and the urine is not sup- 
pressed. 

Cholera Sicca . — Cholera sicca is a severe form of the disease, in which 
the patient dies of the intoxication before diarrhea and vomiting have 
set in. This form of the disease is more apt to occur in debilitated per- 
sons. In the Philippines we saw cases of cholera sicca in persons who 
had recently had an attack of dengue fever; and there was a case in 
a soldier who showed, on postmortem examination, extensive tuberculous 
lesions in the lungs. On postmortem examination, the intestine may 
be filled with liquid, from which the cholera vibrio is isolated. 

At times the clinical picture of cholera is very irregular, and, espe- 
cially in children, the meningeal symptoms may dominate the picture. 

The cases of cholera carriers, persons who are not ill but are passing 
virulent cholera vibrios in their stools, are of great importance. These 
persons may pass the vibrios in the stools for as long as sixty days; 
and, in addition to the danger of spreading the infection to others, 
these carriers are in danger of developing cholera themselves if they 
develop any gastro-intestinal disturbance or are given a cathartic. 

Treatment. — Prophylaxis. — ^In any infectious disease there are at 
least three links in the chain of circumstances which makes it possible 
for the disease to spread : (1) a source of infection, (2) a mode of trans- 
mission, and (3) a susceptible population. A consideration of the epi- 
demiology of a particular disease will indicate where it is best to attack 
this chain in order to break it. 

Prophylactic methods against cholera may be divided into public 
and personal. 

The public measures are generally pretty definitely laid down in the 
laws of different countries; and consist in control of the source of in- 
fection by the detection and isolation of cases and carriers, and the 
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control of the mode of transmission by prevention of pollution of water 
and food, and the furnishing of a suitable water supply. Attempts 
to control the third link in the chain, a susceptible population, consists 
in vaccination with a cholera vaccine. 

When a case of suspected cholera occurs, it must be isolated at once, 
and a bacteriological diagnosis made as soon as possible. If the case 
is determined to be cholera, it is important to discover the source of 
infection, and to prevent the spread of the infection. All contacts must 
bo isolated until their stools are examined for the cholera vibrio. Any 
contact found carrying cholera vibrios must be isolated, the same as a 
case of cholera, until the stools are free from vibrios. All disoiharges 
from cases, carriers, and susi>ected contacts must be disinfected, and all 
linen and bedding must be disinfected. The stools are mixed with an 
equal volume of 5 i)er cent, cresol solution, and allowed to stand for 
at least an hour : a 5 per cent, mixture of chlorinated lime may be used 
ill the same way as the cresol solution. Bedding and linen can be dis- 
infected by immersion in a 2.5 per cent, solution of cresol. All food 
containers should be boiled. As the cholera vibrio does not stand dry- 
ing, terminal disinfection consists in washing the floor and walls with 
a 2.5 per cent, solution of cresol. 

All 3ases and carriers must be kept in isolation until the stools are 
negative for cholera vibrios on three successive days. 

It is not necessary to quarantine ships, or to prevent travel ; but all 
persons traveling, by ship or otherwise, if coming from a cholera in- 
fected locality, must be detained long enough to make a bacteriological 
examination of the stools for cholera vibrios. This examination can 
be completed usually in twenty-four hours, and always in forty-eight 
hours. Simple detention for five days is not sufficient, as cholera carriers 
can be detected only by examination of the stools for cholera vibrios. 

In the same way, it is not advisable to undertake any general quaran- 
tine on food supplies, as the advantages do not offset the disadvantages. 
It is necessary to investigate the source of the food supply, and to take 
proper precautions against any article of food that seems to be carrying 
infection. Pottevin considers that foodstuffs are not dangerous in the 
spread of cholera where several days elapse between the time the food 
leaves a cholera district and the time it arrives in a new district; but, 
if tlie time is short, the food may be a real danger. As water is the 
common medium by which the infection is spread, it is necessary to 
guard carefully against any contamination .of the water supply. All 
vegetables which are eaten uncooked must be guarded against contami- 
nation ; and it is best to urge the people to avoid as much as possible 
the use of uncooked food of any kind. An active campaign must be 
waged against flies. 

l*ersonal prophyla-a-is is very important, and consists in drinking only 
boiled water; in eating no uncooked food, especially fresh vegetables; 
in carefully washing the hands after going to the toilet, and before eat- 
ing; avoiding all foods which lead to gastro-intestinal irritation; prompt 
treatment of gastro-intestinal disturbances; an active campaign against 
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flies, including the protection of all food from flies ; avoiding debili- 
tating influences of any kind ; and avoiding bad ventilation and over- 
crowding. 

Vaccination is the principal method of attack on the third link in 
the chain. While the healthy person has considerable resistance to in- 
fection with the cholera vibrio, due partly to the acid condition of the 
gastric juice and paitly to the resistance of the intestinal mucosa to 
invasion by the cholera vibrio, it is only too evident that this resistance 
is not enough to protect in a great percentage of persons. Since it 
appears that there is at least a temporary immunity following an attack 
of cholera, and it is possible to demonstrate antibodies in the serum 
of lower animals and men after vaccination with a cholera vaccine, at- 
t(»mpts have been made to specifically raise the resistance of persons 
to the cholera vibrio by vaccination. 

1. Living cultures of the cholera vibrio have been used in a vac- 
cine. Ferran was the first to try vaccination as a prophylactic against 
cholera, and he used living virulent cultures, recently isolated from 
cases. Gamaleia used living attenuated cultures, llaffkine carried 
out vaccination on a large scale in India. His first vaccinations were 
with a living attenuated culture, followed by a virulent culture : later, 
he used only the virulent culture. The general results of TIatfkine's 
vaccination are that the incidence of cholera is lowered among the vac- 
cinated; but the mortality is nearly as high in cholera cases among the 
vaccinated as among the unvaccinated. 

2. Killed cultures are more convenient than living cultures to use 
in a vaccine. Gamaleia also used killed cultures in A^accination. Kolle 
used a vaccine made by growing the cholera vibrios on agar, suspend- 
ing them in saline solution, heating to 58° C. for one hour, and adding 
0.5 per cent, phenol to the susi>ension. Tlie dose was 2 mg., moist 
weight, of the bacterial mass as scraped from the agar. 

Mu rata, in Japan, tried a vaccine prepared a(‘cording to the Kolle 
method in 1902. Using the dose of 2 mg., moist weight, of the bacterial 
mass, he reduced the incidence and the mortality of cholera among the 
vaccinated. When he increased the dose to 4 mg., moist weight, of the 
bacterial mass, there were no more cases of cholera among the vacednated. 

3. Various vaccines have been prepared from filtrates from cholera 
cultures, and from various autohjsatcs and extracts of the cholera vibrio. 
Bartarelli prepared an autolysate by suspending agar cultures of the 
cholera vibrio in saline solution, heating to 60° C. for one hour, allowing 
it to autolyse in the incubator at 37° C. for two days, and filtering. 
The filtrate is the vaccine, and Bartarelli demonstrated antibody pro- 
duction in the serum of rabbits vaccinated with this vaccine. Strong 
has used such an autolysate in the vaccination of a considerable number 
of people, and there is considerable evidence that such an autolysate 
gives protection against chohira. 

It appears that a strain of the cholera Aubrio of low An’ruhmce is 
as satisfactory for a A^accinc as is a strain of high virulence; but it is 
necessary to choose a strain that gives good antibody j^roductiou. Some 
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strains of the cholera vibrio do not give good antibody production re- 
gardless of whether the virulence is high or low. 

Cholera vaccination has been tried out rather extensively in the re- 
cent war, and the results have been fairly satisfactory. The indication 
is that there is good protection for three months ; but that the protection 
has disappeared by the end of six months, and revaccination must be 
practiced by the end of that time. In general, the vaccine used has 
been heat-killed cholera vibrios suspended in saline solution. The United 
States Army has used experimentally heat-killed cholera vibrios sus- 
pended in oil in the form of a single dose lipovaccine. 

Arnaud reports on cholera vaccination in the Greek army in the 
second Balkan war: 93,868 men were vaccinated, and 14,332 were not 
vaccinated. Of the vaccinated, 72,652 received two doses of vaccine; 
21,216 received one dose of vaccine. The incidence of cholera in the 
unvaccinated was 5.75 per cent.; in those who had one dose of vaccine 
it was 3.1 2 per cent. ; and in those who had two doses of vaccine it 
was 0.43 per cent. Similar results are reported by von Roemer in 
Batavia, and by Kersten on the vaccination of German troops in a 
Turkish town in 1917. In von Roemer *s work, the mortality was not 
reduced among the vaccinated who contracted cholera. 

Generally the local and general reaction following cholera vaccina- 
tion is very slight. Simicek saw a case of pemphigoid eruption in a man, 
following the second injection of cholera vaccine, and he considered it 
due to hypersensitiveness. 

The use of anticholera serum has not given any satisfaction in pro- 
phylaxis. 

Curative Treatment. — In treating a case of cholera, . it is to be 
borne in mind that the patient may die in the stage of collapse, that 
he may die of uremia following the stage of reaction, and that there 
is danger of relapse as a result of errors of diet in the first few days 
of convalescence. 

The patient is to remain strictly in bed, and provision is to be made 
at once to disinfect the stools and vomitus. Vomiting makes it impos- 
sible for the patient to take any nourishment, and it usually makes it 
impossible to give any medicine by mouth. Cracked ice will to some 
extent relieve the vomiting and the great thii>jt. Morphin may be given 
to relieve the vomiting and the muscular cramps, but it is generally 
agreed that morphin is to be used sparingly or not at all. 

The room is to be airy and well ventilated ; but the patient is to be 
kept warm, and external heat applied when collapse sets in. 

Rogers advocates the use of permanganates, on account of their prop- 
erty of destroying toxins. The patient is given all he can drink of 
calcium permanganate water (1 to 6 grains [0.065 to 0.4 gram] to the 
pint) ; and is given a 2-graln pill (0.13 gram) of potassium perman- 
ganate every fifteen minutes for two hours, then every half hour until 
the stools become less copious and are green and more fecal in char- 
acter : this occurs in twelve to twenty-four hours. Then six to eight pills 
are administered during twenty-four hours. The pills are made with 
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vaseliu or kaolin, and are coated with a mixture of five parts of sandarach 
varnish and one part of salol; or they may be put in gelatin capsules, 
the junction of the halves of the capsule sealed with gelatin, and ex- 
posed to formaldehyd vapor until the gelatin is keratinized. Rogers 
uses atropin sulphate, in the dose of 1/100 grain, hypodermically, night 
and morning; and he finds thai. it greatly decreases the danger of 
collapse. 

Stumpf recommended the use of kaolin in the treatment of cholera ; 
and Arneth and Kuhne report excellent results from its use in the 
recent war. Tlie kaolin is used as a prophylactic by putting it in the 
drinking water. In treatment, the patient is given the suspension to 
drink ; and the suspension is injected into the bowel. Kuhne reports 
that with the kaolin treatment, the mortality from cholera was reduced 
from 45 per cent, to 2 or 3 per cent., in an extensive experience in 
Serbia. lie finds it useful in ^prophylaxis and treatment of all forms 
of diarrhea. Arneth advises the usual methods of treatment, in addi- 
tion to the use of kaolin. 

There is general agreement that the loss of fiiiid and the acidosis 
must be combated early, as the two indications are to tide the patient 
over the collapse stage and to prevent his dying of uremia after the 
stage of reaction. These indications are met by the intravenous injec- 
tion of fluid. 

In the collapse stage, when the blood-pressure falls below 70 mm. 
of mercury, it is necessary to give an intravenous injection. Rogers 
uses the specific gravity of the blood as a guide in determining when 
intravenous injection is necessary. To determine the specific gravity 
of the blood, he uses mixtures of glycerin an<l water of specific gravities 
varying from 1.048 to 1.070. A drop of blood is jilaced in these glycerin- 
water mixtures until it is determined which mixture is the same spe- 
cific gravity as the blood. If the specific gravity of the blood is over 
1.0H2, at least a liter of fluid is injected; if the specific gravity is 1.066, 
at least two liters of fluid is injected. The temperature of the injected 
fluid is varied according to the rectal temperature : if the rectal tem- 
perature is about normal, the fluid is run in at a temperature of 
about 37.8° C. (100° F.) ; if the rectal temperature is below normal, the 
fluid is w'armed to 38.9° to 40° C. (102° to 104° P.) ; if the rectal tem- 
perature is high, the fluid is ran i:i at a temperature below the normal 
temperature of the body. 

Normal saline solution is satisfactory for making up the loss of fluid 
from the body ; but Rogers recommends the use of a hypertonic solution 
containing 120 grains (7.8 grams) of sodium chlorid, 6 grains (0.4 
gram) of potassium chlorid, and 4 grains (0.26 gram) of calcium chlorid 
to the pint of water. 

Sellards has shown that intravenous injection of a solution of sodium 
bicarbonate has great advantage over the injection of physiological or 
hypertonic saline solution, as it not only makes up the loss of fluid, 
but also meets the great requirement of overcoming the acidosis and 
relieving the anuria. 
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Sellards and Shaklee used the following solution in the stage of 
collapse : 


• Sodium chlorid 0.4 per cent. 

Potassium chlorid 0.042 per cent. 

Sodium bicarbonate 0.5 per cent. 

They gave injections of two liters (4.22 pints) of this solution intra- 
venously, with an interval varying from 4 to 2f) hours. At times they gave 
four liters (8.5 pints) for the first injection; and they occux^ied 15 to 
30 minutes in running the solution into the vein. Though they 
started the injections early, the urine remained acid until the stage 
of reaction set in — after as many as six injections; and the urinary 
secretion never started until after the reaction set in. The injec- 
tions are repeated when the pulse becomes weak and rapid and the blood 
pressure falls to 50-70 mm. of mercury. The blood-pressure rises to 
normal or above in one to three hours after the injection. 

In the stage of reaction they used a 1.5 per cent, solution of sodium 
bicarbonate without the addition of any other salt, giving two liters 
of the solution. In the stage of reaction, it is necessary to watch the 
reaction of the urine, as it is necessary to reduce the amount of sodium 
bicarbonate injected, as soon as the urine becomes alkaline. 

The use of the alkaline solution may also x)roduee muscular twitch- 
ings and cramps; possibly as a result of the precipitation of the calcium 
salts by the sodium carbonate. 

The sodium bicarbonate solution, given early in the disease, prevented 
death from uremia ; while, when given late in the disease, the course was 
modified, and the anuria was at times relieved, but the final outcome 
of the disease was not changed. 

It is advisable to use sodium bicarbonate solution, as sodium car- 
bonate solution is hemolytic ; and Sellards found that it produced con- 
vulsions in one case. The sterilization of the sodium bicarbonate is 
somewhat difficult, as the salt changes to the carbonate during sterili- 
zation. In the solution used for collapse, Sellards and Shaklee added 
the sodium bicarbonate to the sterile solution, just before injection. 

To sterilize Ihe sodium bicarbonate solution, fill strong, narrow- 
mouthed bottles as full as possible with the solution, leaving only spaces 
for expansion of the fluid when hot ; tie tightly-fitting stoppers in 
place. It is an advantage to sterilize the solutions in an atmosphere 
of chrbon dioxid ; this can be done by placing a dish of boiling water 
bottom of the autoclave and, just before closing the autoclave, 
adding a handful of sodium bicarbonate to the dish of water, then 
closing the door and leaving the vent open at the top until the carbon 
dioxid has driven the air out. The autoclave is tightly closed during 
the sterilization — 7 pounds for 45 minutes — and is cooled down to 
room temperature before opening. Such solutions do not have over 
three per cent, of sodium bicarbonate changed to carbonate ; and they 
keep well if tightly stoppered. The solution may be sterilized in the 
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ordinary way, and a current of carbon dioxid passed through it tq 
convert the carbonate into the bicarbonate. 

While there is possibility that attempt should be made to replace 
the calcium lost from the body, it is not advisable to include the calcium 
in the alkaline solution, as the carbonate formed in the sterilization 
precipitates it out. 

Rogers now includes intravenous injections of sodium bicarbonate 
in his treatment of cholera; and reports the reduction of the mortality 
due to uremia from 11.1 per cent, without alkalis to 3.25 per cent, with 
alkalis. 

GoflE and Denney used continuous proctoclysis in the treatment of 
cholera ; and they report that this method of treatment induced evacua- 
tion in the “sicca” cases, and encouraged kidney elimination, 

Segale showed that the glycogen disappeared from the blood and 
there was a mere trace left in the liver in cholera. The carbohydrate 
metabolism does not appear to be disturbed in cholera ; and it is not 
possible to introduce nourishment through the gastro-intestinal tract 
during the stage of collapse. This, with the good results from in- 
travenous injections of glucose in other acute infectious diseases, would 
indicate the advisability of its use in cholera. Kausch uses a 5 per 
cent, solution of glucose for subcutaneous injection, and a 10 per cent, 
solution for intravenous injection, giving 1000 c.c. twice a day, for 
nutritive purposes. Strauss advises a 4.5 per cent, solution intraven- 
ously. * Gaertner adds glucose to the saline solution given intravenously. 
All three agree that the results are good ; there being increased flow of 
urine, with possible washing out of toxins. 

The use of anticholera serum has not given very encouraging re- 
sults. If serum is to be used at all, it must be given early, and be 
given intravenously in doses of 50 to 100 c.c., with an interval of eight 
to twelve hours. 

No food can be given during the stage of collapse ; but as soon 
as the vomiting ceases, the patient may take albumin water, broths, 
milk diluted with soda water and thin gruels. It is necessary to be 
very careful in increasing the diet, as there is danger of bringing on 
a relapse with all the dangers of the original attack. 

Prognosis. — The average mortality is about 50 per cent., varying 
from 30 to 80 per cent.; about 35 per cent, of the cases dying in col- 
lapse, and about 15 per cent, of the cases dying of uremia. The mor- 
tality is usually higher at the beginning of an epidemic. Recent acute 
illness, or debility of any kind, kidney disease, intemperance, and 
youth or old age, make for a bad prognosis. If the collapse sets in 
early, the prognosis is bad. 

Pathology. — Macroscopic. — ^When the patient dies in collapse, the 
skin is dry and wrinkled, and the fingernails are cyanotic. Rigor 
mortis is early and marked ; so a limb may be moved, or the head may 
be turned from one side to the other. All of the tissues are dry, and 
the muscles are dark red in color. The appearance in the peritoneal 
cavity is striking. The omentum is shrunken and dry, and the peri- 
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toneum is dull, dry and sticky. The ileum is purplish-pink or rose- 
red in color, while the colon is normal in color; this appearance of the 
intestine is almost characteristic of cholera. The liver, spleen and 
lungs are shrunken and dry; and the heart contains dark, thick blood. 
The intestines are fillet! with rice-water material ; the lymphoid folli- 
cles in the ileum are prominent; the blood-vessels about the follicles 
are injected, and there may be hemorrhages about the follicles. The 
liver is congested ; the kidneys are swollen, congested, and may be 
ecchymotic. 

The gall-bladder frequently shows a catarrhal inflammation ; but the 
inflammation may be hemorrhagic or necrotic. It is probable that the 
more severe inflammation of the gall-bladder is due to mixed infection 
with other bacteria. 

There is surprisingly small evidence of gross pathological change in 
cases that have died as a result of a pure infection with the cholera 
vibrio. 

Microscopic. — The epithelium of the intestinal^mucosa is necrotic, 
and the cholera vibrios have penetrated deeply into the mucosa or even 
into the submucosa. There is generally little i)arenchymatous change 
ill the organs ; but the liver, and especially the kidneys, show early 
cloudy swelling. The kidneys show necrosis of the epithelial cells, and 
the tubules are blocked with granular debris. 

When the process continues longer, the parenchymatous changes in 
the kidneys are especially marked, the epithelium showing necrosis and 
fatty degeneration. The lungs may show lobar xineumonia as a com- 
plication. 

When the jiatient dies in the condition of cholera typhoid, the change 
in the intestinal mucosa may be marked, amounting to a necrosis of the 
mucosa ; this change is especially marked just above the ileocecal valve. 
This chai^ge is due to secondary invasion by other bacteria, and the 
cholera vibrio is not generally found in such lesions. 

Greig has studied the lesions in the gall-bladder, and in different 
organs. In the gall-bladder, the epithelium is gone, and the wall is 
thickened and infiltrated with round cells, with evidence of hemor- 
rhagic infiltration. The cholera vibrios are found in areas in the liver, 
near the gall-bladder ; and the liver cells are necrotic in these areas. In 
a congested and edematous lower lobe of the lung the alveoli were filled 
with cellular exudate, and congestion in the alveolar walls. He found 
cholera vibrios in the spaces of a lymph gland near the small intestine, 
deep in the wall of the gall-bladder, in the liver near the gall-bladder, in 
the exudate in the pulmonary alveoli, and in the submucosa of the 
urinary bladder. Schobl found cholera vibrios in infiltrated and necrotic 
areas in the liver of his experimental animals, after inoculation of a 
virulent culture of the vibrio into the gall-bladder. 

History. — Cholera has been known in India from ancient times, and 
Susruta described an epidemic in the seventh century, A. D. It appears 
to have been endemic in the Delta of the Ganges, from where it spread 
as repeated epi^ei|fies over India ; and there were numerous epidemics 
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from the fifteenth to the seventeenth century. But it does not appear 
that cholera was known outside India until the Indian epidemic of 
1817, which spread through Eastern Asia, reached Africa in 1819 and 
1820, and reached Russia in 1823. 

The next epidemic started in India in 1826, and spread through Asia 
to Africa and all of Europe. The disease reached the United States 
and Canada in 1832^ and extended to Mexico, Cuba and the northern 
part of South America in 1833 and 1834. 

The next epidemic started in India in 1846, and spread through 
Asia, Africa and all of Europe. It reached the United States in 1848, 
and extended to Canada, Mexico, Central and South America and the 
West Indies in the following years, up to 1862. 

The fourth epidemic, starting in India in 1863, spread through Asia, 
Africa, and Europe; and reached the West Indies and Ward’s Island 
in 1865, spreading over North, Central and South America during the 
next years, up to 1873. 

The fifth epidernic, starting in India in 1883, extended through Asia, 
Africa and Europe, and reached South America in 1885 to 1888. In 
1893 it was again introduced into the United States and Brazil, ex- 
tending to Argentine and T^riiguay in 1894 and 1895. This epidemic 
continues throughout Asia and paHs of Europe. The disease has been 
repeatedly brought to the port of New York, notably in 1911 ; but it 
has not been able to enter the United States since 1893, and it has 
not been able to gain a foothold since 1873. 

Some parts of the world have remained free from cholera. These 
are usually cold regions, or islands to which the disease is less likely 
to be brought. The disease has not yet spread to tropical and southern 
Africa. 

Geographical Distribution. — AVhile the Delta of the Ganges seems 
to have been the home of cholera, and earlier epidemics are traceable 
to that origin, it appears that now the disease has become endemic in 
a number of other regions. The pilgi’ims, returning from Mecca, rather 
commonly carry the infection with them to their home country. The 
disease seems to be endemic in Persia, through India, Tndo-China, Java 
and the Philippine Islands. It is endemic in the Balkans, and has been 
quite prevalent there during the recent war. 
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Etiology. — Predisposing (Causes. — While leprosy is, or has been in 
the past, a disease of all lands and of all climates, it is to-day confined 
ehiefiy to the tropics and subtropics, and to this extent climate may be 
considered a predisposing cause. 

Age. — The disease by preference attacks those in youth or in early 
adult life ; one-third of the eases occur in the second decade, and over 
one-half between the ages of ten and twenty-five years. It is very exeep- 
tional to have a case develoji in a person beyond fifty or under six. The 
writer has seen one ease in a child of nineteen months, but cases under 
five years are so rare as to be noteworthy. 

— A remarkable and unexplained fact is the preiioiiderancc of 
cases among males. It holds true the world over that there are nearly 
two male lepers for each female leper. Various theories have been 
advanced to explain this remarkable fact, but none is convincing. Per- 
haps the simplest one, and one as plausible as any, is the greater oppor- 
tunity for exposure to infection among men. 

Race. — Various ra('es, particularly South Sea Islanders and Orientals, 
haw been regarded as particularly susceptible, but the writer is inclined 
to 9^ink that race per se is not a factor of much importance, and that 
given equal opportunities for infection, under identical conditions, there 
is little or no difference in susceptibility. 

Heredity. — The belief in heredity as a predisposing, or, indeed, 
determining factor in the production of leprosy goes back to biblical 
times, but it has no substantial foundation. Undoubtedly, leprosy often 
does occur among children of lepers, but it also occurs among others 
who come in contact with it. In the Hawaiian experience, the disease 
is apparently acquired about as often from a brother or sister as from 
the father or the mother. Careful studies in the Hawaiian focus show 
that when children of lepers are removed from the leprous envirotiment 
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at once after birth, the chances of the development of the disease are 
practically nil. 

Exciting Cause: the Organism. — ^We accept the acid-fast organism 
first described by Hansen as the cause of leprosy, but we are without 
absolute proof of this. The bacillus is constantly associated with the 
lesions of leprosy in more or less abundance, but as there is some doubt 
as to whether it has been cultivated, and as the evidence that the disease 
has been reproduced by the cultures that have been isolated is of the 
flimsiest sort, clear evidence of the etiological relation is lacking. 

Hansen’s bacillus is an acid-fast organism which bears considerable 
resemblance to the tubercle bacillus in size, shape and staining reactions. 
It is usually found in greater numbers than the latter organism and, as 
it appears in smear preparations from tissues, is smaller, and is often 
arranged in bundles. Elaborate differential staining reactions have been 
described, but these are not trustworthy and may lead to confusion. 
The organism, in some respects, bears a close relation to the non- 
patliogenic acid-fast organisms such as Karlinski’s bacillus of nasal 
secretion, the margarin bacillus and the grass bacillus. 

Numerous observers have, by means of special procedures, cultivated 
acid-fast organisms, and branching organisms having an acid-fast stage, 
from leprous lesions. The only ones that need be mentioned are the 
streptothrix, grown first by Kedrowsky and later by Bayon, and the 
bacillus grown first by Clegg. While these investigators thought their 
cultures represented Hansen’s bacillus, they were unable to induce 
leprosy in laboratory animals by the inoculation of the cultures. The 
serological reactions of these organisms and of extracts made from them 
do not throw any significant light on their relationship to the disease. 

Experimental Inoculation , — Many investigators have attempted to 
reproduce leprosy in laboratory animals by the inoculation of leprous 
tissue and, while there are to be found in the literature numerous reports 
of success in this direction, a careful scrutiny of the experimental data 
leaves one with the clear impression that the evidence is insufficient 
to justify the conclusion that leprosy has ever been transmitted to lab- 
oratory animals, and a very considerable experience on the part of the 
writer confirms this. This is true, not only for the animals ordinarily 
used in experimental work, guinea pigs, rabbits, rats and mice, but for 
monkeys and the higher apes as well. Not only has it proven impos- 
sible to infect laboratory animals, but of a large number of experimeiits 
on man, but one can be considered as possibly successful, and there is 
some doubt as to that one. The possible exception is the case of the 
convict Keanu, a Hawaiian, who was inoculated with leprous tissue by 
Arning. Two years after this inoculation the subject of the experiment 
developed leprosy and from this he eventually died. While doubt is 
thrown on the validity of the experiment by the fact that Keanu lived 
in a country in which the chances for acquiring leprosy in the natural 
planner, whatever that may be, were notoriously good, a careful study 
of the record of the case leaves one with the impression that Arning ’s 
experimeiit probably was successful. There is no satisfactory explana- 
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tion for the unsuccessful human inoculations, of which there are a con- 
siderable number of reports scattered through the literature. 

Modes of Conveyance , — We do not know precisely how the causative 
organism enters the body, but we do know that in some manner the 
bacilli pass from the sick to the well and in a small proportion of 
cases cause the disease in a new victim. 

Various theories have been advanced to account for transmission, 
such as infected food, respiratory infection, sexual contact, insect trans- 
mission, but proof is lacking that any of these is the method of con- 
veyance of the disease. We may consider it a contact disease, and 
beyond that, in the present stale of our knowledge, it is impossible to go. 

It is a remarkable fact that even given the best of opportunity of 
transmission, for example, when the clean live with the infected, sharing 
the same bed and board, and when no precautions whatever are taken 
to avoid infection not over about five per cent, of adults are susceptible. 

Symptomatology. — Period of Incubation. — This varies greatly, but 
it is customary to say that the average j^eriod is about two years. There 
are well -authenticated eases in which the time that elapsed between 
exposure to the infection and the development of symptoms has been as 
short as two months; and there are others in which ten years or more 
have elapsed. During this period, usually, there are no noteworthy 
symptoms but there may occur one or more febrile attacks, which, 
usually, are not regardeil as of any significance until cutaneous or 
nerve lesions draw attention to the underlying condition. Perhaps the 
most striking thing about the onset and development of leprosy is the 
extreme slowness that ordinarily characterizes the development and 
evolution of the disease. The case is distinctly exceptional in which 
noteworthy changes occur in periods of weeks, while usually months are 
required to show any distinct alterations, and often during a period of 
years the patient will remain apparently stationary so far as signs and 
symptoms are concerned. 

CLiNiCAii Manifestations op Types. — For convenience, it is desira- 
ble to consider the clinical manifestations of leprosy as falling under two 
types, depending on the prominence of, or the presence, exclusively, of 
cutaneous or nerve symi)toms. The former is often called “tubercular 
leprosy,^’ though “nodular” is a term to be preferred; and the latter 
is designated, usually, as the “anesthetic” type, though “nerve lep- 
rosy” is a more accurate and descriptive designation. While there are 
many cases that may wdtli certainty be grouped under these headings, 
there are many others showing manifestations of both types and these 
are usually indicated by the term “mixed.” 

{a) Nodular Leprosy, — The Skin Lesions . — In this form of the disease 
the patient’s or the physician’s attention is usually attracted to red, 
reddish-brown or fawn-colored patches at one or more points. The skin 
is found to be slightly thickened, and it may or may not be the site of 
itching or of burning sensations. These spots are ^inost often found on 
the exposed parts of the body, though they may also occur on any cov- 
ered portion. The bronzed or fawn colored patches are of the greatest 
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diagnostic importance, as they are simulated by few conditions. The 
writer has seen a case in which the body was free from lesions beyond 
a fawn-colored, very slightly thickened area on the cheek, not more than 
one cm. in diameter, and a similar patch on the forearm, yet a clinical 
diagnosis of leprosy was made with considerable confidence, and this 
was verified by microscopical examination. These spots resemble closely 
the chamois-colored patches of tinea versicolor, but the microscopical ex- 
amination at once shows the nature of the lesion. 

The early lesions may remain a few weeks, disappear, to be replaced 
by others, or they may be permanent. Sometimes, they assume a ring- 
worm appearance with a clear center; indeed they are sometimes mis- 
taken for ringworm. These early lesions are often associated with some 
general systemic disturbance, but just as frequently the general health 
remains unaffected. These early spots are not anesthetic. 

After a period that may vary from weeks to years, but one that 
usually is limited by months, the patches become distinctly nodular, and 
nodules may appear at points that have not been the site of the earlier, 
more superficial lesions. The nodules vary from the size of a pea to 
masses that can scarcely be covered by a man^s hand, but, usually, they 
range from one cm. to five cm. in diameter. Rarely, the body may be 
covered with small nodules, each one about the size of a pea, and giving 
an appearance suggestive of a rather scanty eruption of smallpox. 

The nodules may be scattered generally over the body, but the face 
and the backs of the hands and feet are the commonest sites. They 
are very commonly present on the lobes of the ears, which the experienced 
examiner never fails to scrutinize most carefully. The cheeks are also 
favorite sites, and early lesions are often found on the nose, forehead 
and chin. It is worth noting here that the scalp is involved rarely. In 
a fairly extensive experience, the writer has seen but two cases in which 
lesions were found on the scalp and these were near the hair margin. 

The lesions, as they progress, throw the skin into creases and ridges, 
giving the face the “leonine” appearance which, while undeniably char- 
acteristic, is a relatively late manifestation of the disease ; i. e., late in 
the evolution of the lesions though not necessarily late so far as the 
life of the patient is concerned. These extensive skin lesions may be 
accompanied by loss of flesh and strength, but often they have no appar- 
ent effect upon the general health of the patient. The writer has seen 
many lepers with typical leonine facies who were able to do a full day’s 
work. The nodular areas are often the seat of ulcerative processes which 
may start spontaneously or from a slight traumatism. 

Subjective Symptoms . — Febrile attacks occasionally occur during the 
course of nodular leprosy. These may, or may not, be associated with 
the development of new nodules. They are usually accompanied by 
sweating, loss of flesh and weakness. 

The Lymphatic Glands. — These, in nodular leprosy, are often swollen 
but painless. The enlarged gland feels elastic and usually does not 
exceed the last joint of the little finger in size, but occasionally may be 
two or more cm. in diameter. 
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Mucous Membrames . — In any marked case of nodular leprosy there 
is very likely to be involvement of the mucous membranes. Indeed, 
Morrow and some other writers regard certain of these structures as 
the site of the earliest manifestations of the disease in many cases. 
Rhinitis is a usual and annoying symptom that may be associated with 
epistaxis. Occasionally, nodular infiltration of the nasal mucosa occurs. 
There is a marked tendency to ulceration of the mucous membranes. 
This is especially true of lesions of the mouth, throat and larynx. When 
it occurs in the latter situation, it gives rise to the well-known leprous 
voice, and in severe cases articulation becomes difficult or impossible. 

Eye Sym-pfoms . — Among the most common and distressing manifes- 
tations of leprosy are those of the eye. There is often a pronounced 
conjunctivitis, and this may be associated with infiltration at the sclero- 
corneal junction which finally is likely to involve the whole cornea 
leading to more or less complete blindness. At a later date the deeper 
structures of the eye are involved, and, in many eases, softening of 
sclera and cornea leads to pronounced staphyloma. 

(6) Nerve Leprosy , — Pure nerve leprosy presents few features which, 
at first sight, would lead us to consider it as closely related to the form 
that has just been described. Usually, it has a much longer incubation 
period and is in every respect a milder disease. As the name indicates, 
the symptoms are chiefly referable to the nervous system and it is often 
called anesthetic leprosy on account of the outstanding symptoms. Many 
(*ases are so mild as not to pass beyond a paralysis of a part of a hand 
or of a few facial muscles. On the other hand, in many cases, there 
is most extensive mutilation, such as the loss of a hand or foot, manifes- 
tations which justify the term ‘‘mutilating leprosy’^ sometimes applied 
to these cases. Other cases present few or numerous spots of varying 
size and appearance, which accounts for the term “macular leprosy. 

The shin inamife stations of nerve leprosy may begin by the appear- 
ance of reddish patches or of patches showing a deepening of the natural 
skin color. In other cases, there is a loss of pigment, leading to the 
formation of vitiligo-like spots, frequently called leukodermic areas. 
In this form of the disease, the early skin lesions are more likely to be 
permanent than in the nodular forms. Sensory changes may be demon- 
strated as soon as the lesions are observed. They are chiefly itching, and 
impairment or loss of pain perception and of thermic sense. 

The eruption, like the early manifestations in nodular leprosy, often 
appears on the face first, though* it may be confined to the covered pai ts 
of the body. The patches vary in size from those one cm. in diameter 
to large plaques which can scarcely be covered by the two hands; these 
latter usually are found over the buttocks and on the back. In many 
cases, the eruption clears in the center, leaving an appearance strikingly 
like certain forms of ringworm, with which it may readily be confused. 

There may be severe neuralgic pains y especially in the hands, fore- 
arms, and the face. Aside from these neuralgic conditions, nerve leprosy 
is not ordinarily accompanied by painful manifestations. 

Nerve Cmiditions . — In a considerable number of cases, a definite 
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thickening of certain nerve tminks, particularly the ulnar, may be 
detected by palpation. The writer feels that he should here emphasize 
a warning against considering any nerve enlarged, unless the swelling 
can be distinctly felt as a spindle-shaped enlargement, or a definite 
beading. Hansen called attention to the importance of this, and, if 
noted, many mistakes will be avoided. Such expressions as ‘‘alight 
thickening’’ or “moderate enlargement” of a nerve trunk mean little 
or nothing. Patients often complain of a sense of numbness, or describe 
a member as dead, when there is involvement of important nerve trunks. 

A ffeciion of the Muscles. — Atrophy of certain groui)s of muscles, 
with contracture of others, leads to the characteristic deformities of the 
hands and of the feet. The “leper claw,” so commonly seen, is a hand 
showing atrophy of all muscles of the member, extension of the first 
joint, and flexion of the last two joints of the fingers. The shrinking of 
the muscles is most readily observed in the thenar and hypothenar 
prominences. It is sometimes surprising to observe the good functional 
utility of a hand that is seriously deformed. Paralysis of the muscles 
of the lower extremities is less common than that of the upper, but, 
when it does occur, it leads to abnormalities of the gait, deformity of 
the foot, and sometimes to the inability to walk. Various degrees of 
facial paralysis may occur, ranging from inability to close the eye, to 
loss of function of all of the muscles of half or even of the whole face. 

Ulceration and Mutilatio7i. — Tjoss of parts of the hands or of the 
feet are common. This results from atrophy and from ulceration, which 
may bring about a melting away of the extremities by ulceration and 
sloughing, or spontaneous amputation may occur. The latter may 
involve a single joint of a finger or may destroy successively parts of 
the hand or of the foot and may finally result in the loss of the entire 
member. Carious processes play a conspicuous part in these mutilations, 
which may be painful and accompanied by swelling and suppuration, 
requiring surgical measures for relief. The description of nerve leprosy 
would be incomplete without mention of the trophic ulcers, usually 
called “perforating” on account of the tendency to deep tissue destruc- 
tion. They occur chiefly on the sole of the foot, giving rise to the plantar 
necrosis so common among lepers, though similar ulcers on the palm 
are not rare. Occasionally, these ulcers are painful but, usually, they 
are insensitive and it is no uncommon thing to find a patient walking 
about in relative comfort on a plantar ulcer as large as a silver dollar 
and leading to extensively disorganized bony structure. 

Seat of Bacilli, — In this form of leprosy, the bacilli are usually diffi- 
cult to detect microscopically, and in many cases arc not to be foynd in 
skin or mucous membrane lesions but are confined to the nerve trunks. 

Course and Termination. — While a fatal termination is almost always 
the result in nodular leprosy, in the nerve type the disease may be ar- 
rested at any stage ; in fact, as the disease usually lasts many years, it is 
very likely that the victim may die of an intercurrent affection. 

(c) Mixed Leprosy. — Many cases of leprosy exhibit manifestations 
of both of the types that have been described. Lesions or symptoms of 
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each type may be present from the outset, or the case may begin as a 
clean-cut nodular or as a simple nerve case and gradually take on mani- 
festations of the other type. 

Generally, the hair over a nodular lesion falls out. This is especially 
noticeable when the superorbital regions are involved and the eyebrows 
fall out. The hair, at the site of anesthetic lesions, loses its color and 
finally disappears. As is true of nodular leprosy, the scalp escapes and 
the hair on it remains unaffected. 

Leprous Fever. — The febrile manifestations of leprosy are by no 
means constant ; ijidced many cases run for long periods without any 
fever. Fever may occur as a part of the general disturbance that marks 
the beginning of the disease, but its nature is not usually recognized. The 
later manifestations of fever fall into two groups which were differen- 
tiated to the writer by Dr. W. J. Goodhue, Medical Superintendent at 
the Molokai Settlement. First, there is the febrile attack, occurring 
coincident with and due to a generalization of the infection through the 
blood stream and followed by the appearance of new tubercles. This may 
last a few days or a few weeks but, usually, the temperature falls to 
normal, leaving the patient with some new lesions but otherwise not 
much changed. Second, there is the fever which marks the final decline 
of the patient. It may run steadily in the neighborhood of 39° to 40° C. 
(102.2° to 104° F.) for several months and is often associated with 
profuse sweating, and always with loss of flesh and strength. The tem- 
perature often falls to normal or to subnormal during the last days of 
the life of the vi(*tim. 

Special Tests. — Microscopical Examination , — In addition to the 
clinical features which have been discussed under the symptoms of the 
disease, we obtain much aid from microscopical examinctiion of material 
from the skin lesions and from the nasal cavities. The specimens for 
microscopical examination from skin manifest at ions are prepared in 
the following manner: An area of thickening, a nodule, or even an 
area of discoloration, is taken between the thumb and the forefinger and 
compression made so as to render the area as nearly bloodless as is pos- 
sible. An incision is next made to a depth of perhaps an eighth of an 
inch and about half an inch in length. With the blade held at an angle 
to the sides of the tiny wound, a gentle scraping motion is made. For 
this purpose a safety razor blade is very convenient, as it can be dis- 
carded after each patient. The tissue fluid and tissue elements, secured 
in the manner described, are smeared on a glass slide, subjected to staining 
for acid-fast organisms in exactly the same manner as are preparations 
for the tubercle bacillus, and then examined microscopically. 

The acid-fast organisms usually are abundant and are readily recog- 
nized. They are found in bundles or groups, as well as Si^;attered through 
the field, and are often intracellular; occasionally, very few organisms 
are to be seen, perhaps but one or two in a preparation. In this case it 
is better to make additional preparations from another part of the lesion 
or from other lesions. 

The exa/mination of smears from the nasal mucosa is frequently 
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resorted to and often gives valuable information. There are fallacies 
here, however, that need to be guarded against. Acid-fast organisms 
are not rare in the nasal secretions of persons other than those suffering 
from leprosy. In the non-leprous, the bacilli found are usually mucli 
plumper than those in leprosy. It was once thought that acid-fast 
organisms were to be found in the nasal mucus early in the disease. 
This, however, is usually not the case and as an aid to early diagnosis 
this examination is not of much importance. The writer has seen 
unfortunate errors made by placing too much dependence on the results 
of the examination of nasal mucus, and would warn against drawing 
conclusions from this alone. 

Serological Tests , — There have been a number of serological tests 
proposed for the diagnosis of leprosy, but none has been found trust- 
worthy or of practical value. In this connection, mention should be 
made of the fact that a goodly proportion of lepers will give a posi- 
tive Wassermann reaction, even in the absence of coexistent syphilis. 
The reason for this is not clear but the fact secmis well established. 

A large percentage of lepers react to tuberculin given by injection or 
by inunction, lly some, this is regarded as evidence of the nearness, fiom 
a biological point of view, of the leprosy bacillus and the tubercle bacil- 
lus. This argument is fallacious and also might be advanced to show a re- 
lationship of such dissimilar organisms as the Treponema pallidum and 
the leprosy bacillus since, as has been stated, lei)rosy patients often give 
a Wassermann reaction. Evidently another explanation must be sought 

Diagnosis. — In considering the diagnosis of leprosy we must remem- 
ber that, generally, a correct diagnosis is of infinitely more importance 
than in most other diseases, since it maj^ involve the whole future of the 
patient. With other infectious diseases an error may not do any serious 
harm, as at most it will merely mean a short period of detention for the 
patient, but in leprosy, if we err by failing to diagnose a case, we may 
permit the exposure of many j^jersons, while if a case is diagnosed leprosy 
erroneously, the greatest injury and injustice is done the patient. He 
be(*omes an outcast, and, indeed, in many places loses his civil rights. 
The importance of these facts is recognized by those who are charged 
with the administrative control of leprosy, and boards of experts are 
provided to pass upon cases. That there are very real difficulties of 
diagnosis encountered, is shown by the fact that boards of examiners are 
often compelled to defer a final decision until certain obscure lesions 
have had an opportunity to develop or to disappear. 

In countries where leprosy is rarely seen, the chief obstacle to arriv- 
ing at a correct diagnosis is simply that the disease does not to 

the mind of the examiner, since in marked cases there is no difficulty in 
reaching a correct decision once suspicion is aroused. Very early cases 
may defy even the most skillful, while late ones have the diagnosis 
stamped so plainly upon the features as to require but a glance to 
reveal the nature of the trouble. As in other fields, experience in the 
clinical aspects of the disease is of great importance and, in this con- 
nection, it is noteworthy that certain laymen become expert in recog- 
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nizing cases. There is in Hawaii a police officer who frequently brings 
before boards of medical examiners cases so early that the most careful 
scrutiny on the part of experts is necessary to arrive at a diagnosis, yet 
this man rarely brings forward a case that proves negative when sub- 
mitted to careful examination. 

Differential Diagnosis. — Leprosy must be differentiated from two 
groups of diseases : 

Cutaneaus Disea^ses . — The skilled leprologist will usually be able to 
distinguish on clinical grounds the lesions of leprosy from those of 
diseases that simulate it, but often a microscopical examination is re- 
quired to settle the point. The lesions of syphilis, of parasitic skin 
diseases, and the non-in feetious dermic eruptions can be differentiated 
by careful attention to the history of the case and to the appearance of 
the skin manifestations. 

Organic Xcrvc Diseases . — We need mention liere only syringomyelia, 
and, since there has been some discussion as to whether this is not in 
reality a manifestation of leprosy, it will be readily understood that 
there may be great difficulty at times in distinguishing the two condi- 
tions. It is usually stated that the diagnosis is to be made chiefly by the 
absence of sense of heat and cold with the retention of the tactile sensa- 
tion in syringomyelia, while in leprosy the latter is lost. 

Complications. — The leper may, and often does, suffer from the same 
diseases that affect other persons, but there are several maladies that 
some writers believe to have a special association with leprosy. These 
will be briefly discussed here. 

Tuberculosis . — The impression is very general that pulmonary tuber- 
culosis is very frequeiitly associated with leprosy. The data on this are 
not very convincing. Among Hawaiian and Philipjiine lepers, pulmonary 
tuberculosis is not much more prevalent than among the general popula- 
tion. When it does occui’, it is without special features. The writer 
has observed, among Hawaiian lepers, a considerable number of eases 
of tuberculosis of the axillary and inguinal lymph glands, a number far 
out of proportion to the lymphatic tuberculosis among the general iiopu- 
lation. Whether this is a special condition among Hawaiian lepers or 
whether it occurs elsewhere, but is not recognized, is not known. 

Syphilis . — It is thought by some that syphilis bears a special rela- 
tion to leprosy, but the author is convinced that the coincidepce of the two 
infections is without special significance. There is some difficulty in 
making a diagnosis between the two diseases occasionally, but careful 
observation usually will serve to make the clinical diagnosis clear, and 
if tfiis i|h ils the microscope will settle the point. The Wassennann 
reaction's of little value, as many cases of uncomplicated leprosy show 
a positive W'assermann, as has been stated before. 

Treatment,— Though there is not much prospect of recovery in lep- 
rosy, we are not justified in allowing cases to go untreated. 

GeKBbal Measures. — -One of the surprising features in dealing with 
leprosy is the improvement which cases often show when first brought 
under isolation at a well-ipanaged institution for the care of these people* 

VOLr. IV.— €. 
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Various observers have noted that many cases, perhaps the majority, will 
begin to improve in general nutrition, as evidenced by a gain in weight 
and in spirits, and even by a marked change in dermic lesions soon after 
isolation. Good food, kindly care, and a life now free from the harassing 
fear of detection must be credited with the amelioration of symptoms 
that is experienced. Certain it is, that the most gratifying changes often 
occur and that good surroundings and good food must be considered 
potent auxiliaries in any scheme for the treatment of leprosy. 

Certain natural baths, especially several found in Japan, have been 
held in high esteem in the treatment of leprasy. At one time, it was 
the rule for any well-to-do leper, discovered in Hawaii, to proceed to 
these baths and remarkable cures are alleged to have been effected. A 
large number of failures were less in evidence than the cases in whi<jh 
improvement apparently occurred. Some of the cases alleged to have 
been cured were almost certainly not examples of leprosy. 

Artificial baths have also been used. Indeed, a large grove of 
eucalyptus trees at the Hawaiian leper settlement, Molokai, bear mute 
testimony to the faith certain physicians have in the use of a bath, which 
is made of a weak decoction of the aromatic leaves of these trees. Alkalis, 
notably sodium bicarbonate, are frequently added to the baths. While 
it is desirable that the patient be encouraged to take frequent warm 
baths, it seems improbable that any medicament applied in this manner 
is of any special value. 

Medicinal Treatment. — Volumes might be written on the medicinal 
treatment of leprosy ; indeed the number of agents that have been 
employed constitute good evidence of the lack of proven efficiency of 
any. Mercury, the iodids, strychnin and salvarsan may be mentioned 
among the many that have been employed and lauded for a brief period, 
but finally have proven to be without specific curative value. One drug 
^ seems, by general consent, to have proven more useful than any other, 
though it can scarcely be said that it is a specific. We refer to the oil 
expressed from the seeds of Taraktogenos hurzn and usually known as 
chaulmoogra oil. Once hailed as a specific remedy, we now know that, 
at most, it only aids the sufferer, in some unknown manner, in develop- 
ing an immunity by which a cure is sometimes effected. In common 
with others have had much experience with the treatment of lep- 
rosy, the autlbr has given this drug an extensive trial. The results of 
personal experience have been sufficiently encouraging to justify the 
opinion that chaulmoogra oil should be given a trial in the treatment of 
any case of leprosy. It is, of course, difficult to appraise the value of 
any particular agent when, as usually is the case, several are being tried 
simultaneously or in suc(*ession, and we must remember that spontaneous 
^improvement is very common. 

^ The general opinion js that the less pure the oil, the better the results. 
The drjig may be admiitistered by the mouth in gelatin tsapsules, begin- 
ning with doses of O.J c.c. between meals and at bedtime, and increasing 
as much as 25 c.c. are being given daily. The size of the dose, ^ 
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and even a continuance of the administration of the drug, depends on 
the ability of the patient to take and retain it without nausea or more 
serious gastro-intestinal disturbance. 

During recent years, the hypodermic use of the oil has come to the 
front again after a long period of disuse. This we owe chiefly to the 
observation of Heiser and his colleagues on Philippine lepers. Several 
formuljB have been employed, but the following devised by Dr. Mercado 
has been extensively used : 

Chaulmoogra oil 60 c.c. (fSii). 

Camphorated oil 60 c.c. ( fSii) 

Resorcin 4 grams (1.03 drams) 

Mix and dissolve with the aid of heat and water bath, and filter. 
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The treatment should begin with 1 c.c. of the mixture, given intra- 
muscularlpj twice weekly, increased gradually to 5 c.c. at each dose. 

It has not been our experience that this mode of treatment yields 
results markedly better than those obtained by the use of the drug 
administered by the mouth. There are occasionally disagreeable and, 
very rarely, even fatal results following the injections. The writer has 
seen symptoms, suspiciously like those of pulmonary embolism, but 
fortunately without results any more serious than the alarming of those 
concerned in the administration of the drug. Occasionally, large ab- 
scesses develop at the site of injection, and, while these heal promptly 
when evacuated, they constitute an unpleasant complication. These 
abscesses, apparently, are not necessarily due to any lapse in surgical 
cleanliness in connection with the administration of the drug. 

Sir Leonard Rogers has reported encouraging results from the sub- 
cutaneous and from the intravenous administration of gynocardate of 
sodium which he believes represents the active principle of the oil com- 
bined with the sodium base. The salt is used in doses of one or two 
grains, subcutaneously, or in smaller quantities intravenously. The 
intravenous method is said by Rogers to be less painful and more efficient 
than the subcutaneous method. 

* Recently McDonald of Honolulu and others used certain relatively 
pure compounds made from chaulmoogra oil, known as ethyl esters. 
These are chiefly salts of chaulmoogric and hydnocarpic acids. 

The esters are given intramuscularly, beginning with a dose of 1 c.c. 
and increasing rapidly to 3 c.c. or 5 c.c. These doses #e given once 
each week. Iodine may be added to the mixed esters in the proportion 
of 2 per cent. The intramuscular use of these preparations may be 
associated with the use of the same agents by mouth. 

Very remarkable results are claimed for the treatment. Several 
observers report a large number of cavses discharged as arrested. A 
similar or identical patented preparation was placed on the market some 
years ago under the name of “Antileprol.^^ 

Biologic Agents. — Bacterial vaccines made from acid-fast organisms* 
grown from leprous tissue, have been employed, but without permanently 
good results. It would seem likely, considering the experience with pther 
* bacterial vaccines, that any agent of this sort should be made from ^e 
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organism cultivated from the patient to be treated. The dose should 
be small to begin with: perhaps 50,000,000 organisms at an injection, 
and the number increased until a reaction is observed. A serum pre- 
pared by the immunization of the horse with cultures of acid-fast organ- 
isms has been used, but it is not considered of any value. 

The venom of certain poisonous serpents has been used in the treat- 
ment of leprosy, but there is no reason to believe that it is of any benefit. 

Under this head it should be mentioned that there are examples 
reported of the cure of leprosy after an attack of an infectious disease, 
as small-pox, and also after vaccination against small-pox. 

Surgical. Measures. — It is the general experience that wounds in 
lepers will heal as they do in other persons. Surgical treatment may be 
undertaken, if necessary, to relieve some threatening complication, or 
for purely cosmetic reasons. Under the former, may be mentioned the 
amputation of hopelessly necrotic feet, the remova,! of sequestra from 
bones of the hand or of the foot, and finally, and perhaps most impor- 
tant, the performance of tracheotomy for the relief of laryngeal stenosis. 
The latter is an operation demanded rather frequently and the results 
are so satisfactory that it should be done whenever it is indicated. 
The writer doubts if anywhere in the range of surgery are more gratify- 
ing results obtained than in these cases. Nor is the relief only tempo- 
rary. Under the influence of the rest afforded by the tracheal tube, 
infiltrated and ulcerated vocal cords return to a relatively normal condi- 
tion, and the tube often may be dispensed with after a few weeks or 
months. Other cases wear the tube for years without serious incon- 
venience. The writer has seen this operation performed many times 
by Dr. W. J. Goodhue, and always with splendid results. Indeed, surgery 
of leprosy, as practiced by him at the Molokai Settlement, constitutes 
one of the most beneficial applications of the art. Nerve stretching may 
be employed for the relief of the obstinate neuralgias of the arm or of 
the leg, but only occasionally are the results satisfactory. 

Nodules may be removed for purely cosmetic purposes and, when the 
patient wishes such an operation performed, there is no reason why it 
should not be undertaken. Remarkable improvement in the appearance 
of the countenance may be brought about by the excision of disfiguring 
masses of leprous tissue. 

Local Agents. — Nodular and infiltrated areas have been treated 
with such caustic agents as trichloracetic acid, carbon dioxid snow, and 
chromic acid, and the results appear to justify the use of these drugs. 

The dresfdng of ulcers constitutes the largest part of the work at the 
dispensary of a leper colony. Ordinary surgical principles should be 
followed. Balsam of Peru is much used for lesions that require a mild 
stimulant; silver nitrate when there are extensive granulations, and 
phenolated zinc oxid ointment where a soothing application is required. 

Results. — We may sum up the results of the treatment of leprosy 
by saying that, while we cannot expect to cure many patients, a judicious, 
I>ersistent application of general medicinal and surgical measures will 
go far toward ameliorating the distressing manifestations of many 
cases, and this is a goal well worth the best effort of the physician. 
Ebcperience and observation have taught the writer that lepers almost in« 
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variably dp everything within their power to help the physician carry out 
any plan of treatment he may propose. The patience of these unfor- 
tunates and their confidence in the ability of the physician to aid them, 
are outstanding features at all properly conducted institutions for . the 
care of lepers. 

Prognosis. — The prognosis of leprosy, as regards life, is of •course 
unfavorable, though the course of the disease is often so slow that there 
are ample opportunities for intercurrent diseases to cut short the life 
of the victim. A few cases die within three or four years of the onset, 
many survive ten or twelve years and a not inconsiderable number live 
much longer than this. 

In a small number of cases, perhaps two per cent., active lesions 
disappear under treatment, or indeed without treatment, and for prac- 
tical purposes the individual may be regarded as having recovered. 
Occasionally, all signs of the disease may disappear, or there may remain 
a slight deformity of the hand or other evidence of nerve involvement. 
These cases also may be regarded as recovered. Such cases may be dis- 
charged on condition that they report to the health authorities every 
three or four months in order that a recurrence may be detected 
promptly. The leper examining boards convened by the Hawaiian 
* Board of Health, discharge on parole a number of recovered or arrested 
cases annually, and experience has shown that very rarely is it necessary 
to recommit the paroled persons. 

Pathology. — ^Leprosy stands in a unique position among bacterial 
disease's on account of the large number of microorganisms usually found 
in the specific lesions. When a section of a leprous nodule, or of an 
infiltration, is appropriately stained, the whole of the lesion takes the 
tint of the dye which has special affinities for the microorganisms, and 
examination with higher powers of the microscope will show that the 
tissue spaces and even the cells are literally full of bacilli. Certain 
lesions of a secondary nature do not ordinarily contain bacilli. The 
large trophic necroses, such as involve the bones and soft tissues of the 
extremities, are usually free from acid-fast organisms, a point that 
must be kept in mind in the microscopical diagnosis of the disease. In 
cases that come to autopsy bacilli are found widely distributed even 
where the tissues show no gross evidence of disease. Thus, smears from 
tihe spleen may show many acid-fast bacilli without the organ showing 
any change, possibly, beyond slight enlargement. Other organs usually 
show smaller numbers of bacilli. 

There has been much written on the presence of the leprosy bacillus 
in the circulating blood and rather conflicting observations are on record. 
The fact seems to be that there may be present, occasionally, a small num- 
ber of organisms, except during the febrile attacks commonly called 
leprous fever, when the circulating blood may contain large numbers. 

The essential lesion, the leproma, as it is often called, is a soft, 
elastic, slightly grayish or slightly yellowish mass which may vary in 
size from a pea to a mass several centimeters in diameter. The struc- 
ture is made up of round and fusiform cells, sometimes with giant cells. 
The leprous infiltration is similar in its general characteristics, but, as 
the name indicates, is less clearly circumscribed. All of the structures 
of the skin and the subcutaneous tissues are involved in the process. 

The leprous lesion is often compared with that of tuberculosis, but 
as is the case with other features of the two diseases, the resemblance 
is rather superficial. The leprous lesion lacks the tendency to necrosis 
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which is so early and so characteristic of the lesions caused by the 
tubercle bacillus; indeed, in many respects, the leprous lesions bear a 
closer resemblance to a neoplasm. In nerve leprosy, bacilli are likely to 
be scarce and difficult to find. The lymphatic glands, in nodular 
leprosy, always show infiltration and enlargement with numerous 
bacilli. 

History. — There seems to be no good ground for doubting that bib- 
lical and other ancient writings referring to leprosy do, at least in large 
part, deal with the same disease we call leprosy to-day, though there 
is equally good ground for believing that the leprosy of that day covered 
many diseases which we now recognize under other designations. 

F'rom the twelfth to the seventeenth centuries of the (^.hristian era, 
leprosy prevailed most extensively over the whole of the civilized world. 
Indeed, even if we make a liberal discount for errors in diagnosis and 
for exaggeration in the accounts that have come down to us, there still 
remains no doubt that this disease was one of the most dreadful scourges 
that has ever afflicted the human race. During this period, the con- 
tagious nature of the disease was well recognized, as of course it was in 
biblical times, and a very extensive system of hospitals or lazarettos was 
established. The number of these institutions is said to have run far 
into the thousands, though most of them had but few inmates. It is 
claimed that traces of this mediaeval leprosy still remain in southern and 
western Europe. Of course we cannot be certain that these small 
European foci do not represent reinfection such as we know brought 
about the outbreak in the Memel district of East Prussia in the latter 
half of the nineteenth century. That the traces of this mediaeval wide- 
spread prevalence of leprosy are in the relatively near past is empha- 
sized by the fact that it was only about the middle of the eighteenth cen- 
tury that the disease disappeared from the north of Scotland. 

What has often been called the modern recrudescence of leprosy 
began in Europe in the early part of the nineteenth century, and it 
was in Norway that the disease first attracted attention. It is a remark- 
able fact that shortly after the disease had vanished from the United 
Kingdom and had practically disappeared from the other countries in 
western Europe, it began to occur in Scandinavian countries, particu- 
larly Norway, and for about one century constituted one of the serious 
medical problems of those countries. This recrudescence, however, led to 
the careful studies that have given us our extensive, though still incom- 
plete, knowledge of the disease. 

Distribution. — In considering the present day distribution of lep- 
rosy one must carefully differentiate between where the disease exists 
and where it spreads^ a fact which has a most important bearing on the 
problem of the official handling of cases. There is no civilized country 
which does not have its quota of imported lepers, but with rare excep- 
tions, the disease shows no tendency to spread. In the large cities of 
western Europe a considerable number of lepers, infected abroad, are 
domiciled and only very exceptionally is the infection transmitted. 
That the disease does not spread in these and in many other places 
is well established, though why it does not do so we do not know. 
Obviously, if the disease does not spread in a given locality, we need 
not be especially concerned about measures for its suppression there. 
This relative or absolute immunity of certain parts of the world is 
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well exemplified in the United States. There have long been two chief 
foci of the disease in the United States. Ohe is in the Northwest, 
chiefly in Minnesota; the other is in the Gulf States, chiefly in Louisi- 
ana. There is one great outstanding difference between these foci. 
In the former, the disease shows a tendency to extinguishment. From a 
total of perhaps one hundred ioiported cases there has been a very 
slight tendency to spread; perhaps half a dozen would cover cases of 
local origin. On the other hand, in the Louisiana focus, nearly all of the 
cases are of local origin. In other words, the disease spreads in the 
South but does not spread in the Northwest. We also know that there 
are always a number of lepers in New York City, yet there is no well- 
authenticated case of local origin — all arc imported. This striking fact 
of the failure of the disease to spread in certain localities is usually 
accounted for by the better sanitary conditions under which people live 
as compared with the conditions where the disease does show a tendency 
to spread. It would not be profitable to discuss this point but it does 
not seem to be a very satisfactory explanation. 

The distribution of leprosy to-day is as follows: The total number 
of lepers in the continental United States is variously estimated. The 
number registered is about 300, the large majority of whom are in the 
United States Hospital for Lepers near Carville, Louisiana, a few in each 
of the other States bordering on the Gulf of Mexico, and the remainder 
scattered. The opinion generally held by leprologists is that the total 
number in this country is at least fiOO and there are some who believe 
that it will run up to 2,000. 

The Insular possessions of the United States have large numbers of 
lepers and special asylums are provided for them, the most important 
being the ITaw^aiian colony at Molokai and the Philippine colony at 
Kulion. The countries of Central and South America are all more or 
less afflicted with leprosy, Colombia perhaps being the country having 
the largest number in proportion to the population. 

In Europe the disease is disappearing from Scandinavian countries 
but remains prevalent in parts of Russia, and occurs, although in small 
numbers, in nearly all the countries bordering on the Mediterranean. 
In Germany, there is the famous focus in the Meinel district, in which the 
disease is now declining but remains as a unique example of a European 
locality in which a very considerable spread occurred in the latter half 
of the nineteenth century. 

Not much is known of leprosy in Africa beyond the fact that it is 
widespread and in some parts it is extremely prevalent. Repressive 
measures have been taken in Cape Colony and in certain other parts that 
are under European domination. 

In Asia, the disease is very common. India is estimated to have a 
million lepers, Japan about forty thousand, and the number in China 
is very large, but no trustworthy estimate has been made. The Pacific 
Islands are practically all centers of leprosy, some of them compara- 
tively recent. Thus leprosy in Hawaii began about the middle of the 
nineteenth century and within a few years had become so prevalent 
that at one time more than two per cent, of the native people were 
aflaicted with the disease. The splendid fight made by the Hawaiian 
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people against the scourge is one which might well be emulated by larger 
and richer communities. The disease is at present slowly declining in 
Hawaii. 
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By Edward R. Stitt, M.D., LL.D. 
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Definition. — Dengue is an acute febrile disease which shows marked 
epidemic tendencies and seems limited to the tropical and subtropical 
regions harboring jiEdes cegypti {Stegomyia calopus), the transmitting 
agent. Like yellow fever, it belongs to the group of filterable virus 
diseases. The onset is characteristically abrupt, with fever, congested 
facies, and pains in back, extremities and postorbital regions. The 
primary accession of fever lasts thix^c or four days and then, following a 
remission of one or two days, we have a second febrile wave lasting two 
or three days and accompanied by the eruption which confirms the 
diagnosis. The mortality is almost negligible. The incubation period 
is usually from four and one-half to seven days, and probably never 
longer than ten days. 

Etiology. — At first the investigations as to the nature of the virus of 
dengue had in view the discovery of a bacterial cause. McLaughlin 
claimed to have demonstrated a micrococcus in the blood, but the de- 
tails of his technic, and the failure of subsequent investigation to con- 
firm his findings, relegate his work to the domain of history. Duval and 
Harris cultivated globoid bodies from the blood, by Noguchi^s method 
for yellow fever, but they are in doubt as to the significance of the bodies. 

Exciting Cause. — In 1903, Graham reported finding a piroplasm-like 
organism in red cells of dengue patients and, for a time, it was believed 
that he had discovered the cause. He was never able to demonstrate the 
organism in stained preparations, and other workers have failed to 
confirm his findings. In order to determine whether the virus is present 
in the blood, Ashburn and Craig inoculated eleven volunteers, intra- 
venously, with about 20 minims of blood taken from dengue cases in 
the third or fourth days of the disease, and succeeded in infecting seven 
of these men. Later on they injected filtrates of dengue blood, intra- 
venously, into two volunteers, using a tested diatomaceous earth filter, 
and succeeded in bringing about infection. As a result of these experi- 
ments it is generally accepted that the cause of dengue is a filterable virus. 

89 



90 


DENGUE 


Cleland and Bradley have succeeded in infecting a man with a blood 
filtrate, which was injected subcutaneously. They met with failure 
in four similar experiments. The experiments of these investigators 
demonstrated the presence of the virus in the blood on the second and 
third days of the disease, and possibly up to the eighth day of the dis- 
ease. In 1918, Japanese physicians reported that the virus was in the 
blood, from the second to the sixth day of the disease, but not for a 
longer period. 

Epidemiology. — The fulminating spread of dengue is only exceeded 
by that of influenza, and in its morbidity in a community it exceeds 
the latter, which usually fails to affect more than thirty per cent, of the 
population. Many dengue epidemics have shown as high a percentage 
as seventy-five per cent, of the population attacked. Such rapid and 
extensive spread may, in part, depend on the so-called ‘‘waves of life’^ 
among insect vectors. Naturalists have often noted sudden and unusual 
increase in many forms of animal life. They have also noted great 
epidemics among and extensive migrations of insects, which may be 
important factors in decreasing or increasing insect-borne diseases in a 
locality. In 1922 a scourge of yellow fever mosquitoes, jEdes cegypti^ 
was noted in the epidemic of dengue, in Texas, when from 500,000 to 
600,000 persons contracted dengue, as reported by Chandler and Rice. 
They state that volunteers, coming from a distance, were bitten by in- 
fected JEdes mosquitoes and that four of the six volunteers contracted 
dengue. The period of continuation of the epidemic in a community is 
as a rule longer than that in the case of influenza. Of course the matter 
of importation of susceptible human material tends to prolong an epidemic 
in busy seaports. 

Dengue, like yellow fever, tends to confine itself to tropical and sub- 
tropical seaports, and to habitations in the low-level valleys of rivers, 
avoiding places of high altitude. The explanation of the epidemics of 
yellow fever and dengue in Philadelphia in the latter part of the 18th 
century must have Iain in the importation of mosquitoes by the ships 
coming from tropical ports. Even before the mosquito transmission of 
dengue was proven by experiment, it was recognized that such an hy- 
pothesis would explain the peculiarities displayed in the spread of the 
disease. For instance, it has frequently been noted that those who re- 
mained aboard ship failed to contract the disease even when they were 
in the midst of an epidemic and in contact with cases on board ship, 
which had been infected while on shore leave. Upon exposing them- 
selves on shore they were attacked, as were the others. 

The author kept numerous dengue patients in carefully screened com- 
partments, inside large wards full of susceptible individuals, within 
arm's length of such other patients, without a single instance of cross* 
infection. This shows that none of the methods of infection holding 
for the common exanthemata explain the transmission of dengue. ‘ 

It is to Graham, in 1903, that we owe proof of the possibility of 
transmitting dengue by the bites of infected mosquitoes. He conducted 
some experiments in Beyrout which may be open to criticism, inasmuch 



PRACTICE OF MEDICINE— TICE 

Remove from Volnme IV pages 83-108 Inclusive and insert therefor these New Pages, 83-108 Inclnsive. 


SYMPTOMATOLOGY 


91 


as an epidemic was then prevailing there. As regards his collecting 
mosquitoes which had fed on dengue cases, and transporting them to 
a village in the mountains where there were no cases, and there having 
these mosquitoes feed on two inhabitants of the village, with positive 
results as to infection, there cnn be no question as to his demonstrating 
this mode of transmission. 

It was Graham^s opinion that the mosquitoes which carried the in- 
fection were Gulex quinquefasciatusy but he admits that Stegomyia mos- 
quitoes were also in the collection used by him in his experiments. 

Ashburn and Craig conducted nine experiments on the transmission 
of dengue by Gulex quinquefasciatusy and were of the opinion that one 
single successful infection demonstrated this species as an efficient host. 

More recently Cleland and Bradley failed to transmit dengue by 
means of Gulex quinquefasciatus when two individuals were bitten, but of 
seven persons, bitten by infected jEdeSy four developed the disease. The 
experimental mosquitoes had fed on a dengue case from three to seven 
days before, but as these mosquitoes were collected from places where 
the dengue was present, these experiments failed to demonstrate how 
long a period must elapse after an infecting feeding before mosquitoes 
can transmit the disease. 

Japanese investigators have recently reported success in transmitting 
dengue with Stegomyia scutcUariSy but not with Gulex quinquefasciatus. 

One of the most convincing epidemiological proofs of the mosquito- 
transmission of this disease is in connection with the disappearance of 
dengue from Port Said during 1906 and 1907, notwithstanding the ex- 
istence of epidemics in adjacent parts of Egypt. This freedom was 
attributed to a campaign against malaria which included a general 
clearing up of mosquito-breeding places. 

Siler, Hall and Hitchens, in 1925, in a series of carefully controlled 
experiments, using forty-two American soldiers as volunteers, were able 
to transmit dengue fever in twenty-five instances (GO per cent.) by 
Mdes (Bgypti mosquitoes, bred from ova. Patients were able to infect 
mosquitoes during the first three days of the disease. The developmental 
period, in the mosquitoes, was found to be eleven days, and they remained 
capable of transmitting the disease for sixty-six days. Gulex quinque- 
fasciatus seemed unable to transmit the disease, in five volunteers who 
were later infected by being bitten by infected ^des cegypti. Twelve 
were reinfected by injections of blood and fifty-eight per cent, were 
found to be immune. Those developing the disease recovered more 
quickly than in the previous attack. They compare dengue to yellow 
fever. Both are caused by filterable viruses; both may be produced 
by injection of blood; both arc transmitted, naturally, solely by Mdes 
cegypti; in both the patient is infective to the mosquito during the first 
three days of the disease; the mosquito becomes infective only after the 
virus has remained in its body for approximately eleven days. 

Symptomatology. — There is probably no disease which shows so 
abrupt an onset as dengue, the interval between apparent health and 
the setting in of marked prostration and bodily pains being frequently 
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described as a matter of minutes rather than of hours. It is not infre- 
quent for a patient to give the exact hour of his attack. The mani- 
festations of this sudden onset are chilly sensations, dizziness, fever, 
marked prostration, headache and pains in the back and extremities. 
Malaise and indifference to surroundings are common clinical features. 
Dengue presents the typical saddle-back fever course, and in the de- 
scription of the disease one can most conveniently separate the mani- 
festations into those of the primary fever, of the remission, and of the 
terrpinal febrile access. 

The Primary Fever. — Temperature rises rapidly, reaching 102°- 
105° F. (38.9°--40.6° C.) in a few hours. Along with this we note marked 
redness and swelling of the face, frequently with injected conjunctiva}, 
giving a facies somewhat resembling that of measles, but failing to show 
a macular eruption, or evidences of coryza. Some authorities have desig- 
nated this facial congestion as the primary rash of dengue. The com- 
plaints of the patient are chiefly centered in the widely distributed 
pains. Headache and backache are as constant as is true of small-pox 
and yellow fever. Along with the more or less generalized headache we 
have the almost pathognomonic postorbital pains, or rather great sore- 
ness at the back of the eyes. Indeed, one of the points always insisted 
upon by the writer in the examination of a suspected case was to have 
the patient follow the writer’s finger up and down, or from right to 
left. Almost invariably there would be complaint of inability to comply 
by reason of the severe pain caused by any motion of the eyeballs. 

While the headache and backache arc almost constant features, the 
pains in the extremities arc more variable. While we do occasionally 
meet with cases suggesting ^‘breakbone” pains, many of these exhibit 
general soreness rather than aching pains. There is often a complaint 
of pain on movement of the joints which has caused many writers to 
describe at length the joint-involvements of the disease. In the writer’s 
opinion there is no involvement of the joints. The pain is probably 
in the muscle tendons, and is referred to the joints, which latter fail to 
show cither swelling, redness or tenderness. 

Along with this primary fever there is a distaste for food, which is 
not infrequently accompanied by nausea and, rarely, by vomiting. Men- 
tal depression and irritability accompany a bodily state of intense weari- 
ness. There is leukopenia and a reduction in the polymorphonuclear 
percentage. 

About the third or fourth day the temperature in a typical case 
falls by crisis, and not infrequently is accompanied by various critical 
manifestations, such as ]jrofusc sweating, diarrhea, polyuria or even 
epistaxis, which usher in the period of remission. 

The Period of Remission. — Following the fall in temperature, which 
may reach normal or merely be a remission, there is a marked amelioration 
of the pains and discomforts of the primary febrile stage. The patient 
feels that he is about to be restored to health, and views his condition 
with satisfaction, except that he experiences weakness and dizziness on 
getting up. 
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It is this remission or intermission in the fever coarse, separating 
the primary from the terminal febrile wave, that gives the saddle- 
back'^ characteristic to the temperature chart. The duration of the 
period of remission may be a few hours, so that it may be missed when 
temperature observations are taken only in the morning and evening, 
or it may last for two or three days, following which we have another 
elevation of temperature, ushering in the terminal stage. 

The Terminal Fever. — This secondary rise in temperature may 
reach higher levels than the primary one, but it is usually less elevated 
and of shorter duration. 

At this time there is a return of the malaise and prostration of the 
primary fever, usually moderate in degree, but with more marked mani- 
festations of nervous depression. The mental state is typically pessi- 
mistic. The pulse rate is distinctly retarded. 

It is at the commencement of this stage, or shortly afterwards, that 
we note the most important sign in the diagnosis of dengue, the charac- 
teristic, or terminal rash of the disease. In the absence of such a rash 
we arj in doubt as to the correctness of our diagnosis, as there are 
various dengue-like fevers with which this disease might be confused. 

This rash may be very ephemeral, or it may last for four or five 
days. Usually it is quite distinct for two or three days. In my opinion 
it most often first shows itself about the bases of the thumbs, extend- 
ing thence to the wrists. It is more marked on the dorsal surfaces. 
Another favorite lo(;ation is over the base of the great toe, extending 
to the dorsum of the foot, and in particular to the internal malleolar 
region of the ankle. It is often noted about the elbow- and knee-joints, 
and such preference for joint regions, together with the fact that the 
pains are referred to the joints, accounts for the insistence upon the 
articular manifestations by many writers. 

The rash is much like that of measles but lacks the dusky red ap- 
pearance of the measles eruption. It may, however, be punctiform in 
character, and thus resemble the rash of scarlatina. 

As a rule the eruption rapidly involves the trunk, and may cover 
the entire body. In such cas^ it more nearly resembles the fully de- 
veloped eruption of rotheln than any other exanthem. 

There is often a carmine flush involving the palms of the hands and 
the soles of the feet. 

Following the disappearance of the rash we may have more or less 
furfuraceous desquamation, attended by itching or pricking sensations. 

Convalescence. — A peculiarity of dengue is that a disease of such 
short duration and lack of serious illness should be attended by such 
physical weakness and nervous depression during the period of con- 
valescence. 

Those who try to force themselves to resume their former duties ap- 
parently suffer more than do those who yield to their lack of energy 
and apathetic state. A month or more may elapse before a patient is 
restored to his former activity. 
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Diagnosis. — In the laboratory diagnosis, our most important finding 
is in connection with the leukopenia. The average is about 4,000 white 
cells, and there is a reduction in the percentage of polymorphonu clears, 
which drops to an average of 40 to 50 per cent. 

In the clinical diagnosis, the sudden onset,, the peculiar ocular pains, 
the saddle-back temperature chart, and the terminal rash are of im- 
portance. Of the divseases which may be mistaken for dengue, the fol- 
lowing are most important: 

Yellow Fever. — It is almost impossible to differentiate this disease 
from dengue during the first two days, as they both have abrupt onsets 
and rather similar pains. The postorbital soreness of dengue is of 
value in differentiation. Leukopenia is not a feature of yellow fever, 
and albuminuria is exceedingly rare in dengue. The jaundice of yellow 
fever is a late feature, and this occurs in dengue only exceptionally. 
The differentiating value of the slow pulse is questionable, as this may 
be present in both diseases. 

Influenza. — There is a remarkable similarity in onset and pains 
between this disease and dengue. As a rule the catarrhal manifestations 
of influenza guide us to a diagnosis, but such manifestations may not 
appear early in influenza. The })ulse-rate in influenza is more in accord 
with the temperature. In some influenza epidemics, rashes have been 
noted rather frequently, usually of a scarlatinal type. In the recent 
pandemic of influenza, leukopenia has been rather frequent. 

Phlebotomus Fever. — C'linically this disease is identical with a case 
of dengue which runs its course in three days and fails to show a ter- 
minal rash. There is a similarity in the onset, pains and slow pulse, 
as well as in the presence of leukopenia. The virus of this disease 
disappears from the peripheral blood by the second day of the disease. 
Transmission is by a moth midge, Phlebotomus papatasii^ in which the 
virus undergoes some developmental cycle, as the insect is incapable of 
transferring the infection until a period of at least eight days elapses 
after the time of feeding on a case which is in the first day of the fever. 

Trench Fever. — It is interesting to note that when this disease first 
assumed great prevalence in the military forces of the Allies it was usu- 
ally diagnovsed as influenza, or as one of the dengue-like fevers. It is 
proven that this disease is transmitted by the body louse, the virus being 
introduced by the contaminative method of rubbing the feces or crushed 
lice into abrasions in the skin. It is not introduced by the bite of the 
louse. This virus is as yet an unknown one, but it has been proven to 
be non-filterable. The onset of trench fever is quite abrupt, with rapid 
rise of fever, general malaise, pains, and even marked soreness behind 
the eyeballs. The fever usually falls rather abruptly to normal about 
the fourth day, and one or more relapses are frequent. Clinically it 
differs from dengue in as much as there is an enlargement of the spleen 
in about three-fourths of. the cases. In more than one-half of the cases 
erythematous spots may appear on abdomen, chest and back. As a rule 
there is a leukocytosis, thus differentiating the disease from dengue. 
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Variations in Type. — While the description given under symptoma- 
tology is applicable to the average outbreak of dengue, there are certain 
points which have been accentuated in the description of particular 
epidemics; 

* 

]. Many textbooks note the importance of the correlation existing 
between pulse rate and temperature in dengue, as differentiating it 
from yellow fever, in which Faget’s law of lack of such correlation is 
striking. 

Reports of epidemics from Australia and elsewhere have emphasized 
the slow piilse of the dengue occurring at such times. Careful and pro- 
longed observation of this point has led the author to regard a slow pulse 
as an important clinical feature of the cases noted in the Philippines, 
this slow pulse-rate having been most marked about the fourth or fifth 
day, being at times as low as fifty or sixty, notwithstanding a fever of 
103° or 104° F. (39.4° or 40° 

2. In the clinical description of certain epidemics it has been noted 
that adenitis was fairly constant. Ijane noted this feature in more than 
on('-half of his cases, the glands involved being those of the inguinal, 
axillary and cervical regions. This general lymphadenitis was quite 
marked in (;(Ttain cases, and showed itself about the same time as that 
of the appearance of the eruption. In the Philippines the writer was 
unable to note any glandular involvement which could be considered as 
associated with dengue, {iiee Fig. 1.) 

3. In (jertain epidemics the fever course seems to lack the saddle- 
back'' feature above note<l. The cases may run the full period of pri- 
mary and terminal fevers, lacking the remission, or they may show 
fever for a period of three days only. Such cases are not infrequently 
observed in an epidemic when typical courses predominate. Such febrile 
courses have given rise to such designations as seven day’’ fever, or 
“three day” fever. 

4. Some epidemics seem to be characterized by an insignificance of 
the usually diagnostic terminal or true rash. Such an outbreak may 
have been one of phlebotomus fever. Where care is not taken to look 
carefully for the rash this may fail to be noted in probably one-half 
of the cases of a typical epidemic. 

5. Lane has noted a very unusual feature in quite a percentage of 
his cases, in the occurrence of cyanosis of the extremities. This cold 
and clammy, dusky condition set in about the onset of convalescence and 
continued for three or four days. A neurasthenic state occasionally 
ensued. 

6. Hematemesis or melena has been reported in some cases. 

Apparently those v^ho force themselves to work during an attack 
experience a more protracted convalescence than those who go to bed 
and take care of themselves. In one of the Australian epidemics there 
was a mortality of about one per thousand, but such fatalities occurred 
almost exclusively in the case of debilitated children, or of old people. 
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Treatment. — Prophylaxis. — In his discussion of the epidemiology 
of the epidemic of dengue at St. Thomas, Lane states that Mdes cegypti 
was the only mosquito that could be considered as a transmitting agent. 
This, in connection with the positive experiments of the Australian and 
Japanese workers, would indicate the destructi&n of this genus of mosquito 



Fig. 1 . — Statistical Chart Based on Clinical Manifestations of 100 Cases 
OP Dengue in Epidemic at St. Thomas, V. I. (U. S. Naval Medical Bulletin.) 

as our method of prophylaxis in dengue. The main points to be kept 
in mind in connection with this transmitting agent are its habits of biting 
during the day in a peculiarly stealthy manner, and the tendency of 
these mosquitoes to breed in the immediate environment of human 
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habitations. At the same time, screening of houses, and thus preventing 
the admission of the JEdes, is of value, because such mosquitoes tend to 
remain in the rooms of houses, and when infected transmit the disease 
to others occupying such rooms. 

Outline of Habits of ^des oegypti. — These mosquitoes are often termed 
the domesticated ones, in that they prefer to breed and live in the 
immediate environment of man. They are distinctly urban, rather 
than rural. In examining for breeding places we particularly search 
small collections of water within the house or in the yard surrounding 
the house. They are particularly apt to choose the water in tree-holes, 
old tin cans, or broken glass bottles, to deposit their eggs. It is rather 
interesting that the males of the ^des may light on man to feed on 
his perspiration, but like other male mosquitoes they do not suck blood, 
and heiiCd play no part in the transmission of the disease. The female 
prefers to feed on those of the white race, and seems to show repug- 
nance for the black race. This mosquito makes no sound on approach- 
ing a victim, and tends to attack from the rear, and to secure a con- 
cealed place for feeding as, for example, by getting under the cover 
of a sleeve or stocking. This mosquito tends to bite in the daytime, 
but will also bite at night, if in a room where a light is burning. 

Medical Treatment. — This is almost exclusively symptomatic. 
Such drugs as aspirin and phenacetin are of value in relieving the pains. 
The insomnia which is a feature of many cases may require treatment, but 
as a rule this is unnecessary. The anorexia is such that the patient 
will rarely take other diet than a liquid one. Fruit juices, especially 
orange juice, are often palatable to the patient. It is important to 
keep the patient quiet during the period of remission, a time in which 
there is a relief from symptoms and a desire to resume work. 

Prognosis. — The disease, from a practical standpoint, is unattended 
by fatal results. Many cases, however, show a protracted convalescence. 

Pathology. — As there is practically no mortality in dengue, there has 
been little opportunity for pathological study, and the few autopsies 
that have been made in persons dying in the course of a dengue infec- 
tion have failed to reveal pathological changes. It is well recognized 
that in the course of the disease there is a marked leukopenia, with a 
reduction in the polymorphonuclears. 

Historical Summary. — It is a remarkable fact that a disease so strik- 
ing in its clinical manifestations, and so calculated by its epidemic 
tendencies to impress the inhabitants of an invaded region, should have 
escaped the notice of medical writers until the latter part of the eight- 
eenth century. Almost simultaneously (1779-1780) there were recorded 
descriptions of outbreaks of dengue from Cairo, Batavia and Philadel- 
phia. The description which Benjamin Rush gives of the Philadelphia 
epidemic of 1780, under the designation of ‘‘breakbone fever,” is fairly 
accurate, and remarkably interesting. It may be remembered that Rush 
also described an outbreak of yellow fever which devastated Philadel- 
phia, and in his writings on dengue he is at pains to bring out the points 
differentiating bilious remitting yellow fever, as he designated yellow 
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fever, from dengue. There are indications that dengue, like influenza, 
tends to assume pandemic proportions at intervals of fifteen or twenty 
years, subsiding during subsequent years to endemic invasion or localized 
epidemics. In 1889 there was an extensive outbreak of dengue in Asia 
Minor and in Greece, and with this epidemic fresh in their minds there 
were many who asserted that the great influenza pandemic of 1889 was 
but an extension in modified form of this dengue epidemic. 
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UNDULANT FEVER 

By Edward R. Stitt, M.D., Sc.D., LL.D. 

Definition, p. 99 — Etiology, p. 99 — Exciting cause, p. 99 — Bacter- 
iology: the organism, p. 99 — Epidemiology, p. 101 — Sympto- 
matology, p. 103 — Diagnosis, p. 104a — Laboratory findings, p. 

104a — Complications, p. 105a — Sequelae, p. 105a — Clinical types, 
p. 105a — Treatment, p. 106 — Prognosis, p. 106a — Pathology, p. 

106a — History, p. 107 — Geographical distribution, p. 107. 

Definition. — Undulant fever is an infectious disease due to a cocco- 
bacillus, which was named Micrococcv^ melltensis by Bruce, who isolated 
the organism in 1886. Bang, in 1897, isolated the organism of contagious 
abortion of cattle, and named it Bacillus abortus. In 1918 Evans demon- 
strated the very close relationship of these two organisms. The generic 
name Brucella has been given to both these bacilli, B. melitensis for the 
bacillus causing undulant fever of the Mediterranean littoral (Malta 
fever), and B. abortus for the disease transmitted to man through disease 
in cattle. The infection is found in various animals, most important 
sources of the human disease being goats, cattle, and hogs (caprine, 
bovine, and porcine strains). B. abortus of cattle was probably the 
primitive organism, so that the strains associated with the infection 
in man and other animals might be considered as varieties of the bovine 
organism. The bovine strain seems to produce a milder disease than 
the caprine and porcine ones, but the characteristics of an unusually 
prolonged fever course (two or three months to one or two years), in 
which accessions of fever succeed each other (undulant or wave fever), 
and presenting rather prominently rigors and sweating, joint pains and 
neuralgias, slowly progressive anemia and weakness, and, with it all, 
very little apathy, should suggest undulant fever. 

Etiology. — Exciting Cause. — Bacteriology: the Organism. — The caus- 
ative organism of caprine undulant fever, Brucella melitensis, was first 
isolated by Bruce from spleen cultures of two cases during life and from 
twelve Malta fever autopsies. By inoculating such cultures into 
monkeys, the disease was reproduced and the organism subsequently re- 
covered from the spleen of these animals, thus confirming Koch’s postu- 
lates. Quite a number of laboratory workers have developed undulant 
fever, having become infected with pure cultures while studying the 
organism. 

Widely distributed in various parts of the world are cases of undulant 
fever due to bovine or porcine strains of Bang’s bacillus of contagious 
abortion of cattle, Brucella abortus. Bruce thought his organism was a 
coccus {Micrococcus melitensis) and Bang described his organism as a 
bacillus {Bacillus abortus). 

Although Bruce’s findings date from 1886, and Bang’s description 
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was published in 1897, yet there was no suspicion of the close relationship 
of these two organisms until 1918, when Miss Alice Evans, of the Hygienic 
Laboratory, reported that they were exceedingly similar morphologically, 
culturally, and serologically; in fact, separation was possible only by the 
laboratory test of agglutinin absorption. Since 1918 various other 
methods of differentiation of Brucella species have been tried, as action 
on guinea-pigs, greater susceptibility of monkeys to B. melitensis^ in- 
hibiting effect of various dyes, and restraining influence of aerobic cul- 
turing on bovine strains (CO 2 atmosphere of 10 to 20 per cent necessary — 
this does not seem to apply to South African bovine strains). It is 
possible that the porcine strain infections (treating, or slaughtering in- 
fected hogs) are more severe, and Theobald Smith has suggested that 
porcine strains are more recent host adaptations. 

Morphology, — Morphologically, Brucella melitensis is a very small 
organism, as studied in smears made from the spleen, averaging about 
0.33 fjL, In cultures it is rather coccobacillary in form and may be seen 
as distinct bacilli, which may form short chains in broth cultures. 

Staining, — Brucella melitensis is nonmotile and Gram-negative. When 
first isolated from the blood or spleen, the organism fails to show growth 
on plates until after seventy-two hours. Minute, dewdrop-like colonies 
are first seen, which later on become opaque. Original cultures are best 
made on glycerin agar, serum agar or blood agar plates, but subcultures 
grow readily on plain agar. There is no fermentation of glucose, maltose, 
mannite, lactose or saccharose, and in litmus milk there is a progressive 
tendency to alkalinity. The optimum temperature is 37® C., but scanty 
growth takes place from 22® to 30° C. The growth from an agar slant 
emulsifies with extreme readiness in salt solution, thus facilitating sus- 
pension for agglutinating emulsions. In old laboratory cultures a 
brownish coloration tends to occur. This dark color is also noted in the 
growth on potato. Gelatin is not liquefied. 

Differentiation from Other Organisms, — There have been cases of 
undulant fever reported in which the causative organism was similar 
culturally to Micrococcus melitensis, not responding to agglutination with 
the serum of that organism but only to its own serum. Such organisms 
have been named Micrococcus paramelitensis. 

While monkeys are very susceptible to infection, either by feeding 
or subcutaneous inoculation, it is with the goat, cow, and hog that wo 
are primarily concerned, as such animals suffer from natural infection 
and serve as the chief means of dissemination of the disease. Dogs and 
horses are also susceptible, but small laboratory animals, as rabbits and 
guinea-pigs, are rather refractory. It is interesting to note that Evans 
inoculated one series of pregnant guinea-pigs with Brucella, variety 
abortus, and another series with Brucella, variety melitensis. The 
majority of the animals in each group aborted within a few days. In 
1914, Kennedy found that the milk and serum of certain cows agglu- 
tinated Brucella melitensis, but was unable to plate out the organism 
from such milk. This suggested cow's milk as a possible source of 
infection. Bassett-Smith explained this as a natural tendency for certain 
specimens of cow's milk to agglutinate the undulant fever organism. 
In view of the marked cross-agglutination between Brucella, variety 
aborlTJis, and Brucella, variety melitensis, Evans considers it probable 
that the explanation of these investigations was that the milk came 
from cows infected with Brucella, variety abortus. 
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Resistance. — Briteella melitensis resists desiccation for a month or 
more, but is readily killed upon exposure to the sun. Pasteurization of 
milk or milk products kills the organism. 

Epidemiology. — In man the most important mode of excretion of the 
organism is by way of the urine. Kennedy found Brucella, variety 
melitensis, in about 10 per cent of the urines of patients examined. 
There has been some question as to the elimination of Brucella in the 
feces, but Amoss and Poston have repeatedly succeeded in culturing the 
organisms from the feces of two cases of undulant fever by treating 
emulsions of feces with immune scrum (1 : 100), and after two washings 
and centrifugalizations, the precipitate was plated out on eosine-methy- 
lene blue agar plates (Teague medium). Lactation is rare in women with 
undulant fever, but in a few cases, in which the milk of such patients has 
been examined, the organism has, as a rule, been recovered. In addition, 
the organism is frequently present in the blood, blood cultures having 
been positive in 65 per cent of Eyre’s cases. All evidence, however, of 
transmission of the disease by means of blood-sucking insects or arach- 
noids is practically negative. 

Notwithstanding the frequent elimination of the organisms by the 
urine, it would seem necessary to dismiss such a means of transmission 
as other than extremely rare, because infections of the attendants of 
the hundreds of cases treated in the military hospitals of England were 
practically never observed. Of course, the greatest care in disinfection 
of the urine was exercised in the hospitals where undulant fever cases were 
treated. This fact is surprising when we consider that the organisms 
retain their vitality for long periods in urine-contaminated dust. There 
does not seem to be a human carrier problem in this disease. All evidence, 
since the publication of the reports of the Malta Fever Commission (1905- 
1907), goes to sustain the view that the conclusions of this commission 
are valid, namely, that the drinking of raw goaVs milk is the paramount 
source of infection. 

In the investigations of the C.’omniission it was found that Maltese 
goats could be infected by food contaminated with Brucella melitensis, 
such goats showing agglutinins in their serum in about a month, but not 
manifesting anything clinically. It was found that many goats showed 
a natural infection, one of a series of 46 animals giving cultures from the 
spleen and 7 others yielding agglutinating sera. Later it was found that 
10 per Cent of the goats excreted the specific organism in their milk. By 
feeding monkeys with infected milk, 26 of the 28 animals used developed 
undulant fever. 

About the same time (1905) a ship, the Joshua Nicholson, carried 
65 goats destined for the United States from Malta to Antwerp. Of 
10 of the crew who drank the milk, 8 became infected with the disease. 
Two German engineers, who boiled the milk, escaped infection. In 
1905, there were 798 cases reported in the civilian population and 245 
from the naval forces at Malta. In 1907, there were 457 cases among the 
civilians and only 12 from naval sources. The boiling of the milk by the 
latter, and lack of such precautions among the former, was the explanation 
of the small incidence in the Navy and the continued prevalence of the 
disease among the civil population. 

The months of June, July and August give the greatest incidence of the 
disease and this is explained not only by the greater use of milk during the 
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summer months, but also by the fact that, following the birth of the kid 
in the spring, the contamination of the milk is more marked. 

Gentry and Ferenbaugh, in Texas, noted that cases of undulant fever 
were most common in the spring and early summer months, when the 
goats were in full milk and the ranchmen were caring for the kids and 
teaching them to suckle. These investigators found that the Mexican 
goat herders attributed “ goat fever ” to drinking raw milk, and escaped 
the disease by boiling the milk. In all cases observed by them there was 
a history either of drinking raw goat’s milk or of close contact with the 
bedding ground of goats. The disease in the infected areas of Texas is 
also known as dust fever,” this designation coming from the idea of 
infection taking place in the dust-filled goat pens. In 1922, thirty-five 
cases were reported from Phoenix, Arizona, from the sale of infected 
goat’s milk. Lake calls attention to the difficulty in diagnosis, as the 
milk was consumed chiefly by patients having tuberculosis or by children, 
young children rarely becoming infected either by caprine or bovine 
strains of Brucella, 

It must be remembered that many experiments with dust contami- 
nated with urine, which contained living organisms, failed to show the 
infectiousness of such material, but it is difficult to understand why this 
should have been the case, as such material, when applied to the con- 
junctival or respiratory mucous membranes, brought about infection. 

Garrow calls attention to the possibility of infection through handling 
the urine-soaked fleece of infected goats or through slaughtering such ani- 
mals or making postmortem examinations on them. 

As the souring of milk does not seem to kill the organism, undulant 
fever may be transmitted by the eating of butter or cheese made from goaVs 
milk. 

In 1922 Bevan, of Rhodesia, noted cases of undulant fever apparently 
connected with contagious abortion of cattle. Since then, not only in 
South Africa, but in most countries of Europe, as well as in the United 
States, there have been reported very large numbers of cases contracted 
from cattle. In Iowa, many of the cases have been proved to be from 
contact with hogs (the porcine type of Brucella). In view of the epi- 
demiology of caprine undulant fever it was natural to suppose that the 
disease associated with cattle was also piedominantly from drinking raw 
cow’s milk. Many experiments have thrown doubt on the frequency of 
infections from the drinking of cow’s milk, and in the cases contracted 
from hogs, some other method of infection is obvious. Guinea-pigs 
can be inoculated on unabraded skin surfaces more readily than by 
feeding experiments (Hardy), and the evidence is strong that human 
infection can be acquired through abraded or unabraded skin, in handling 
recently killed pork meat or otherwise. With cattle other atria of in- 
fection than through ingestion of cow’s milk arc considered, and Kristen- 
sen and Holm, in a study of 500 cases in Denmark, consider that infection 
occurred in the majority of cases in other ways than through the ingestion 
of milk or milk products. Although very few cases of bovine undulant 
fever have been reported from England, yet the practice of trying to 
control the spread of the contagious abortion in cattle, by vaccination 
with live cultures of B. abortus , makes carriers of cattle so treated; and 
the organisms may be found in their milk, so that we should expect a 
greater incidence of the disease than has been reported. 

Other domesticated animals capable of transmitting Brucella in- 
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fection are the dog and cat, and in France the sheep may be an important 
source of transmission. 

Prior to the recognition of the importance of B. abortus it was cus- 
tomary to designate aberrant strains of B. melitensis as paramelitensis 
organisms. There are probably numerous strains of the Brucella group, 
and Burnet, who has modified strains by the action of bile, antiseptics 
and immune sera, regards B. abortus as the primitive strain from which 
other strains have developed from animal passage or otherwise. 

Symptomatology. — Clinical History of Caprine Infection. — 
Given the history of a case covering a period of three or four months, with 
a wave-like temperature chart resembling that of a relapsing typhoid 
fever, together with notes as to varied manifestations of arthritis and, in 
particular, of neuralgias, or at times neuritis, one would almost certainly 
suspect undulant fever and make inquiries as to the use of goaPs milk 
by such a patient and make an agglutination test of the serum, or, if the 
patient showed marked fever, a blood culture. 

In the winter of 1894-1895, while in the Mediterranean, there were 
a considerable number of cases of undulant fever on a ship to which the 
writer was attached. Had it been possible to associate these cases with 
exposure at Gibraltar or Malta, where such a fever was known to prevail, 
it is the writer’s opinion that the nature of the disease would have been 
readily recognized. As it was, there was great perplexity as to the proper 
diagnosis, and in many of the cases, had it not been for the presence of 
occasional fever, malingering would have been considered, as the men 
did not have the appearance of being sick, but complained of vague joint 
and nerve pains and seemed neurasthenic. Other cases, however, with 
high fever and sweating, led to a diagnosis of remittent fever as the port 
in which the outbreak occurred was a highly malarious one. Even the 
cases running a more or less continuous fever of enteric type did not 
resemble typhoid fever as they failed to show the early prostration, 
apathy and toxemia of this disease. 

So varying is the type of fever, not only in different patients but in the 
same patient, that in insisting upon the well known undulatory fever 
curve in making a diagnosis we tend to overlook cases of undulant fever 
which do not exhibit this symptom. The undulatory character of the 
protracted fever chart is to be looked for, but the fever course is more 
often an anomalous one. 

Incubation Period, — The incubation period usually lasts about two 
weeks, but cases have been reported when the first opportunity for 
infection preceded the onset of the disease by only five or six days. Then 
again there have been cases where the incubation period was apparently 
longer than a month. 

Mode of Onset: Typical or Undulatory Case. — Following a rather 
insidious onset characterized by general malaise, headache, pains in the 
back of the neck, or general muscular pains and anorexia, a fever sets 
in which reaches its highest point in the evening, with rather marked 
remissions in the morning. As with typhoid fever, there is a progressive 
rise in the temperature curve for the first ten or twelve days until an 
elevation of 104°-105® F. (40®“40.6° C.) is reached, after which there is a 
gradual decline in the fever course until the normal is approximated, this 
wave of fever lasting for about three weeks. After a few days of slight 
fever or normal temperature there is a recurrence of the initial febrile 
attack, and it is to successions of such relapses, covering on the average a 
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period of three or four months, but at times extending beyond the limit 
of a year, that we recognize the appropriateness of the designation 
undulant fever. In most of the cases there is a rather obstinate constipa- 
tion and the tongue shows a thick, white, dorsal coat with clean sides and 
tip. Even when the temperature is high, the apathetic, toxemic state 
which we associate with typhoid fever is absent. Dejection of spirits, 
irritability, insomnia and weakness are features usually presented by the 
patient. Sweating toward morning and, in some cases, a bronchial 
catarrh may cause a suspicion of tuberculosis, particularly as there is a 
rather marked tendency of anemia in undulant fever. 

Of particular value in the <liagnosis is the occurrence — at times during 
the febrile period and again not until that of defervescence or con- 
valescence — of neuritis, especially involving the peripheral nerves. Such 
attacks occur in probably three-fourths of the cases, and a sudden and 
acute attack of sciatica may be our first clew to the real nature of the 
illness. The circumflex and peroneal nerves are less frequently affected 
than the sciatic. The acute attack tends to disappear in two or three 
days, but is usually followed by a long-continued tendency to neuritis, 
especially sciatica. Quite frequent, too, are joint pains of rather sudden 
onset, with tenderness and swelling, especially of the hip, shoulder, ankle 
and knee joints. The acute manifestations disappear in a day or so and 
may skip from joint to joint. According to Bassett-Smith, sacro-iliac 
joint pain is the most common. Lumbar spine pain is prone to be com- 
plained of. Undoubtedly many of these rheumatic symptoms are really 
those of neuritis. In young children meningeal symptoms may be 
apparent. 

In some cases toxic effects upon the heart have been reported, but 
there is nothing constant. At times we have reports of a rapid pulse, 
and again of a slow pulse, with other cases showing correspondence with 
the temperature curve. The spleen is somewhat enlarged and tender on 
palpation. In addition to the anemia, which eventually shows quite a 
reduction in the red cells, with an even more marked fall in hemoglobin 
percentage, there is a moderate leukopenia, in which the polymorpho- 
nuclears show a greater diminution than the lymphocytes. Some cases 
show a marked tendency to bleeding, especially epistaxis or even gastro- 
intestinal bleeding. Orchitis and epididymitis have been noted as 
occurring infrequently, and in women various menstrual disturbances 
have been observed. The course of pregnancy seems unaffected. 

Clinical History of Bovine and Porcine Infections. — The 
symptomatology of the large number of cases of undulant fever in the 
United States, reported by Hardy, Simpson and Frazier, Sensenich and 
Giordano, and Bierring (1929), fails to show much greater variation from 
the caprine infections of the Mediterranean httoral than would be 
expected in different outbreaks of caprine undulant fever. The clinical 
history of the goat fever cases of Te.xas and Arizona, reported a few 
years ago by other authors, does not vary essentially from the classical 
Mediterranean or Malta fever. 

Indeed, most of the above-cited authors refer to the similarity of their 
cases to the intermittent type of Hughes, noted in a later paragraph. 

The general impression, not only in America but in Europe, is that 
bovine infections are much milder than caprine or porcine ones; in fact, 
many of the Iowa cases were traced to contact with infected hogs, or 
their carcasses, and seemed just as severe as caprine ones. 
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At the same time one must not forget the ambulatory cases noted for 
undoubted undulant fever. Apparently ^e can have infections, produc- 
ing even high titre agglutinations, without evidence of illness. Huddleson 
and Johnson examined the blood of forty-nine (49) veterinarians, with 
positive agglutinations (1 : 50 to 1 : 500) in twenty-eight of them. 
Only three of them gave a pa^i history of any illness suggestive of 
undulant fever. Two veterinary students who had assisted in treating 
infected cows showed agglutination litres of 1 : 500 and 1 : 200 without 
ever manifesting any illness, except a tonsillitis and cold in one case. To 
further complicate the matter of diagnosis many cases of clear-cut 
symptomatology (even with positive blood cultures) may fail to show 
any agglutination. 

For bovine and porcine cases in the United States the outstanding 
features are: (1) A remarkable absence of physical signs, even splenic 
enlargement infrequently noted. (2) Profuse sweats over the whole 
body, with a pronounced odor (rotting straw). (3) Loss of body weight, 
paralleling that of tuberculosis. (4) Fatigability, but absence of that 
prostration which in typhoid or paratyphoid fevers forces a patient to 
give up work and go to bed. (5) Joint manifestations and neuralgias 
did not seem to be so common or so severe. (6) Abdominal pains, even 
leading to operations for supposed gall-bladder disease or appendicitis, 
appeared more prominent. (7) Genito-urinary complaints (prostatitis, 
vesiculitis, or orchitis) have seemed more common. 

Simpson and Frazier noted five women with histories of a previous 
febrile illness, without any evidence of syphilis, but with agglutination 
for B. ab<yrtus (1 : 80 to 1 : 320), who had frequently aborted. 

Bierring particularly noted the morning freshness and the afternoon 
prostration; the marked ‘‘ ague shake rigor, and the drenching sweats 
which roll off the patient. 

Hardy in a clinical analysis of 125 Iowa cases presented the following 
table*: 

Common Symi*toms: Occurrence and Severity 


Symptoms 

Number of 

Cases 

Severity of Symptoms 
When Present 


Pres- 

ent 

Ab- 

sent 

Unre- 

corded 

Major 

Marked 

Mod- 

erate 

Minor 

Weakness 

125 

0 

0 

44 

34 

18 

4 

Sweating 

97 

19 

9 

43 

30 

17 

10 

Feverishness 

93 

23 

9 

3 

22 

50 

25 

Chilliness 

92 

16 

17 

3 

39 

38 

20 

Rigors 

42 

75 

5 

5 

5 

40 

40 

General aching 

57 

48 

21 

7 

21 

48 

24 

Headaches 

71 

41 

13 

22 

27 

16 

35 

Backaches 

50 

65 

10 

30 

14 

31 

25 

Pain in back of neck 

26 

90 

9 

18 

12 

30 

30 

Arthralgia 

44 

76 

5 

4 

15 

35 

46 

Abdominal pain 

40 

82 

3 

10 

24 

13 

53 

Anorexia 

86 

32 

7 





Nausea 

33 

80 

12 

'7 

4 

'7 

72 

Vomiting 

18 

97 

10 

10 

10 

20 

60 

Constipation 

64 

36 

26 

0 

33 

31 

36 

Cough 

26 

99 

0 

0 

0 

33 

66 

Sore throat 

15 

110 

0 

0 

0 

10 

90 

Insomnia 

53 

36 

36 

25 

25 

25 

25 

Loss of weight | 

89 

12 

24 






• Hardy, A. V.: Undulant fever, J. A. M. A., 92: 853-860 (March 16), 1929. 
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Diagnosis. — So striking have been the results of prophylactic measures 
in the eradication of this disease — that is, avoiding the use of, or making 
safe, goat's milk or milk products — ^that one of the first points in diagnosis 
now is the question. Was the infection due to the use of contaminated 
goat milk products? 

Differential Diagnosis. — Of the diseases which resemble undulant 
fever it is usual first to mention typhoid and the paratyphoid fevers. 
Even if we did not have the neuritis and joint pains to guide us, we should 
be suspicious that a case was not typhoid fever when the patient showed 
few manifestations of toxemia. There is not the decided anorexia, 
apathy and prostration of typhoid fever. 

The prolonged febrile course of subacute bacterial endocarditis 
suggests undulant fever, and, in fact. Brucella endocarditis or myo- 
carditis may occur in undulant fever. The physical signs of a strepto- 
coccal endocarditis, together with a different blood picture, should dif- 
ferentiate. 

The sweating and marked remissions in the daily fever course suggest 
malaria j especially the malignant tertian type. Blood examinations, 
even if they fail to show malarial parasites, may aid in the diagnosis by 
giving information as to a lymphocyte or large mononuclear increase, 
the former belonging to the blood picture of undulant fever, the latter to 
that of malaria. 

In some ways the protracted course and alternating periods of fever 
of kala^azar suggest undulant fever, but the more marked splenic en- 
largement and decided leukopenia of kala-azar should differentiate these 
two diseases. 

Some cases of undulant fever show much that suggests amebic abscess 
of the liver or pulmonary tuberculosis. As a matter of fact, once there 
is a suspicion of undulant fever, one should try to confirm it by the more 
accurate methods of agglutination tests or through blood cultures, rather 
tHan by clinical observations. 

The prolonged and irregular fevers which may accompany syphilis, 
malignant tumors, and obscure genito-urinary infections should always 
be kept in mind. 

Laboratory Findings. — The agglutination test is carried out either 
macroscopically or microscopically, as for typhoid agglutination. The 
Brucella melitensis lends itself well to the microscopical technic, as 
clumping is marked in the field. Although Nicolle and Conor deem it 
important to heat the serum to be tested to 56° C. for thirty minutes in 
order to destroy nonspecific agglutinins, other workers prefer to use 
unheated serum. Macroscopic agglutination tests are preferred in the 
United States. Suitable antigens, well standardized, are very desirable. 
The tubes should be incubated in the water bath at 37° C. for 3 or 4 
hours, and then placed in the ice box over night. Rarely, cases have 
been reported where there has been cross-agglutination between B, abortus 
and Pasteurella tularensis. 

It will be remembered that it was formerly customary to use low 
dilutions, such as a I : 20 or even 1 : 10, in typhoid agglutinations, 
whereas now we rarely attach diagnostic importance to dilutions below 
1 : 80. Titers of 1 ; 40 may be regarded as suspicious. Agglutinins 
may continue present in the serum months or years after infection, and 
it must be remembered that some undoubted cases of undulant fever 
fail to show agglutination. 
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With undulant fever serum the textbooks still continue to note the use 
of dilutions of 1 : 10 or 1 : 20, thus indicating the lack of agglutinating 
power where very high dilutions are employed. Not only may we 
expect as high titers as are obtained in typhoid fever, but again, there is 
always the question of a pro-agglutinoid zone for specific sera where we 
obtain agglutination in dilutions of 1 : 50 or higher, whereas such low 
dilutions as 1 : 10 may fail to show clumping. 

The intradermal skin reaction is now considered an important diag- 
nostic measure, particularly where agglutination and blood culturing fail. 

This was first proposed by Burnet, who used filtrates of broth cultures 
for his antigen. Giordano prefers as antigen the growth on a liver agar 
slant (10 per cent CO 2 atmosphere), suspended in saline to the density of 
1 : 1000, U. S. P. H. silica standard, and killed by heat. He injects 
intracutaneously 0.1 c.c. of this suspension. A positive reaction appears 
in from 12 to 48 hours (local redness and heat). 

In the first few hours alarming redness along the lymphatics may 
appear, but this is transient. At the site of injection an area of induration 
appears after 24 hours, and ma^’^ develop into a granulomatous lesion. 
Huddleson, using a bacterial filtrate of a porcine strain, injecting 0.05 
c.c. of the fluid intracutaneously high up on the lateral surface of the 
forearm, obtained more marked reactions than Giordano, who used a 
bovine bacterial emulsion; not only with a more rapidly developing 
erythema, but occasionally, with fever, chill and sweating, and other 
constitutional symptoms. 

Duffau prefers for the intradermal tost an antigen made from three 
different strains. 

The methods of blood culturing adopted by Ejn-e were very successful 
and can be recommended. He took 5 c.c. of blood from a vein, using a 
few drops of 10 per cent sodium citrate in the syringe to prevent 
alteration of the blood. The citrated blood was then put into a flask 
containing 45 c.c. of nutrient bouillon. From the third to the tenth day 
transfers to agar slants wt're made from the bouillon culture and the 
agar slants examined from three to seven days following the transfer from 
the broth. The best time to take blood is at the height of the fever curve 
and at the time of day when the temperature is highest (late in the day). 
Some have had greater success by culturing the blood clot rather than 
using citrated blood. This clot culture hast been much used in typhoid 
work. After taking from 3 to 5 c.c. of blood in a Wright's capsule the 
separated serum is centrifuged and made use of for agglutination tests, 
using the clotted blood for culturing. 

While the method employed by Eyre may be satisfactory for caprine 
strains, it would seem advisable to abandon the use of sodium citrate in 
culturing. The usual method is to take at least 10 c.c. of blood, during 
fever peaks, and to inoculate two 30 c.c. flasks of bouillon (preferably 
liver bouillon) with 5 c.c. each of blood, one flask to be incubated in a 
quart fruit jar or other chamber containing an atmosphere of about 10 
to 15 per cent of CO 2 . American bovine strains will not grow in primary 
culture by the usual aerobic methods of culture. 

A good method is to take two large tubes, containing about 15 c.c. 
each, of liver bouillon and to inoculate them directly with about 1.5 c.c. 
of blood; and at the same time to inoculate two tubes of melted liver agar, 
immediately pouring plates. One tube of bouillon and one agar plate 
should be incubated under the CO 2 atmosphere. 
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DufFau has recommended the addition of glass beads to the bouillon 
tubes to facilitate defibrination. Cultures may develop even after 2 or 
3 weeks. A pn of about 7 is desired. Although the chances of success 
in culturing are best early in the disease, yet many isolations occur even 
2 or 3 months after the commencement of the fever. 

or course there is a greater chance of success with cultures made 
from material obtained by splenic puncture, but there is always some 
danger attending such a procedure. 

It is always advisable to make cultures from the urine, especially 
about two weeks after the onset of the distiase. The organisms appear 
to be eliminated periodically, so that such culturing should be repeated 
every few days. 

The blood smear, which shows about a normal white cell content, is of 
value in suggesting the diagnosis, as there is an increase in the lymphocyte 
percentage at the expense of that of the polyrnorphonuclears. This 
would be of value in eliminating a diagnosis of a pyogenic infection. 

Hardy, in the United States, reported various degrees of anemia and 
a corresponding drop in the red cell count. About 85 per cent of his 
cases showed white counts under 8000. Polymorphonuclear percentages 
under 60 w’cre obtained in approximately 90 per cent of cases. There 
was even a decrease in the percentage of small lymphocytes, which 
deficiency was made up by increase in large mononuclear cells. There 
was no variation from the normal noted for eosinophilos, and if this 
finding should hold it would be of value in differentiating typhoid in- 
fection, which shows a striking absence of eosinophiles. 

Complications. — As complications we have 'pneumonia,, orchitis and 
— more serious and more common — hyperpyrexia and heart failure. 
While epistazis is not uncommon, we may rarely encounter cases with 
extensive hemorrhage into skin and mucous membranes and hematuria, 
especially in elderly people. 

Sequelae. — When the case runs a course of several months, a marked 
degree of anemia may ensue with proportionate loss of strength. The 
long continued joint and nerve pains, together with insomnia, tend to 
bring about a neurasthenic state. 

In one case which was under observation for a long time, and which 
clinically was mild except for repeated attacks of incapacitating sciatica, 
the patient died suddenly of heart failure, apparently a sequel to the 
damage done to the heart muscle by the attack of undulant fever suffered 
some years previously. 

Clinical Types. — Intermittent Type of Hughes. — The general 
symptomatology of this type of the disease is similar to, but usually 
less severe than, the undulatory one. This is a subacute form which 
shows fever of an intermittent type from time to time. Such cases may 
fail to show evidence of serious illness and the patient continues his 
work, although aware of the progressive deterioration of his health. 
Some very mild cases, which only rarely show slight fever of a few days’ 
duration, have been designated as ambulatory cases. Such cases may be 
considered as forms of indigestion. 
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Malignant Type. — In a certain proportion of cases, instead of having 
the somewhat insidious onset, we have the type of a severe acute infection 
in which the temperature assumes a high degree from the beginning of 
the disease, reaching 103° to 105° F. (39.4°-40.6° C.). Such cases may 
show vomiting and early diarrhea. Soon there sets in a typhoid state, 
with rather marked cardiac involvement, as shown by an irregular pulse. 
At times such malignant types may set in where the case has previously 
been running an ordinary course. These malignant cases not infre- 
quently show a bronchopneumonia. The tendency to assume the 
typhoid state, the high temperature and the marked cardiac weakness 
are the chief features of the malignant type. Some cases may be hyper- 
pyrexial in type. If the case does not end fatally, convalescence may set 
in following a crisis, or the case may gradually assume a subacute or 
chronic type. 

Paramelitensts Fever. — It must not be forgotten that a case clin- 
ically resembling iindulant fever, in which we fail to obtain agglutination 
with a true meliiensis strain, may be due to an infection with Micrococcus 
paramelitensis. 

Treatment. — Prophylaxis. — The practical elimination of this disease 
from the naval and military hospitals of Malta, by the boiling of the 
goat’s milk used in these institutions, points to the most important 
measure for the control of this infection. 

It must be remembered, however, that not only the milk but also 
fresh cheese made from infected milk is dangerous, the organism not 
being killed by the souring of the milk. There is much evidence from 
Texas and South Africa that the dust from the goat pens may infect 
those working in such buildings, and the handling of infected goats by 
slaughtering or otherwise may likewise cause infection. 

To recognize the existence of the disease in goats, the usual practice 
is to try out the milk for agglutinins, following this lactoreaction with 
a serum agglutination. Infected goats should be destroyed. Goats can 
be protected from infection by vaccination with either variety of the 
organism. 

In handling cases of the disease in man one should pay particular 
attention to the disinfection of the urine, cases of undulant fever at times 
showing great numbers of the causative organisms in their urine. The 
feces should likewise be disinfected. When we consider the frequency 
of these infections among laboratory workers, its infrequency among 
the nurses attending cases of undulant fever is surprising. 

Symptomatic Treatment. — There is no drug that seems to have 
any influence on the course of the disease, and it is probable that the 
use of such cardiac depressants as the coal-tar products, in the treat- 
ment of the pains of undulant fever, has been distinctly prejudicial to 
the patient receiving such drugs. Neoarsphenamine has been reported 
to be of value. 

In view of the tendency to constipation in this disease it is well to use 
in moderation measures to counteract this condition. For the insomnia 
and pains hydrotherapeutic measures are indicated. The protracted 
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course of the disease makes it necessary to give the patient a diet of 
sufficient food value. At the same time one should not overfeed the 
patient and, at times, when there are present anorexia and a rather heavily 
coated tongue y the diet should be limited. 

Specific Therapy. — The best results in treatment have been in the 
use of vaccines, this being confined, however, to cases of a chronic type, 
for in acute conditions they may do harm. Some authorities recommend 
doses of one-quarter to one-half a billion bacilli. Others, however, insist 
upon the importance of starting with small doses, as from 25 to 50 
million, repeating the injection every four or five days. Later on, one 
may increase the dose and the interval, rarely going beyond 100 million 
bacilli. 

There have been reports of greater success with autogenous vaccines, 
or again with sensitized ones, than with the regular stock vaccine. 

Recent experiences with the treatment of bovine undulant fever have 
not added materially to our therapeutic measures. 

Acriflavine intravenously has been recommended by Italian ph 3 ^si- 
cians, and mercurochrome has been tried out in the United States. The 
value of the several forms of chemotherapy which have been suggested 
is questionable. 

The use of antibacterial serum would seem worthy of trial, but in 
view of the vejry little success attending the use of such sera (with the 
possible exception of antimeriingococcus and type I antipncumococcus 
sera), we cannot be optimistic. 

I^ognosis. — While the disease shows a very low mortality rate, usu- 
ally noted as about 2 per cent, yet from a standpoint of prolonged course 
and resulting invalidism it is a more serious disease than the death rate 
would indicate. 

It is in the malignant type of this infection that we get a death rate 
corresponding to that of the more fatal infectious diseases. 

The after-effects of the disease are often incapacitating, especially 
as regards neurasthenia, neuralgias and cardiac weakness. 

Some patients become victims of the morphine habit, as a result of 
the taking of the drug to relieve the neuralgia and joint pains, as well as 
to combat insomnia. 

It is usually considered that a lasting immunity is conferred by an 
attack, but cases have been reported of second infections, one of the great 
authorities on this subject. Doctor Eyre, having had two attacks. 

Certain prognostic indications may be obtained from the course of 
the agglutinin curve of a case. Where a fairly high agglutinin titer 
is followed by a decided decrease of the same, one may expect a pro- 
tracted course, but a sustained high agglutinin titer makes for a favorable 
prognosis. 

Pathology. — Our knowledge of the pathology of this disease is not 
very exact, due to several reasons. In the first place, owing to the very 
low mortality (2 to 4 per cent), autopsy material for the study of the 
disease is limited. Then, owing to the great variation in the course of 
the disease, the findings vary greatly in cases due to the acute, short 
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course (malignant type of the disease), and in cases in which death ensues 
after a protracted subacute or chronic course of several months. Careful 
autopsy studies would indicate that there is no particular tissue or organ 
peculiarly selected by the causative organism or its toxins, and this fact 
probably accounts for the variation in findings. The most important 
fact in the pathology is that the disease is a bactcriemia, which fact may 
be practically demonstrated by blood cultures made during febrile attacks. 

There also seems to be a degenerative action upon the red cells and 
a lowering of the phagocytic activity of the leukocytes. Probably the 
most constant finding at autopsy is the more or less enlarged spleen. 
In acute cases the spleen is soft and dark, much congested and weighing 
up to 200 grams. In chronic cases it may be quite large; Bassett- 
Smith has recorded such a spleen weighing 1,200 grams. The liver and 
kidneys are congested. Many statements as to congestion and increase 
of l>Tnphoid tissue in various areas of the alimentary tract have been 
recorded, but there is nothing constant. It is important to remember 
that there is no ulceration or Peycr^s patches. At times we may find 
enlargement of the mesenteric glands, and from such glands we may 
get pure cultures of the causative organism as well as from the spleen. 

The autopsy reports on )>ovinc infections do not seem to have added 
to the little knowledge we have of caprine cases, and it is very important 
that any fatal case of undulant fever be studied most carefully. 

History. — Hippocrates described cases of protracted fever with relapse 
tendencies which had some of the characteristics of phthisis, but not 
showing a fatal course. It is probable that such cases were undulant 
fever. 

Following the Crimean War there was quite an incidence of fevers 
in Malta, and in 1863 we had the first detailed description of the disease 
made by Marston, under the designation * ^Mediterranean Remittent 
Fever.'' This fever he differentiated from typhoid fever and from a 
simple continued fever which he refers to as ** Maltese Fever." In his 
description he noted the protracted course, the tendency to relapse, the 
development of anemia and the rheumatic and neuralgic features of the 
disease as we now know it. 

In 1886, Bruce isolated a coccoid organism from the spleen, which 
he called Micrococcus melitensis, and was able with cultures of this organ- 
ism to transmit the disease to monkeys. 

Diagnosis, by agglutination, was as marked an advance in the study 
of this disease, so characterized by variation in clinical type, as it was 
in typhoid fever. This method of diagnosis was first reported by 
Wright and Semple in 1897. 

Geographical Distribution. — While Malta is the best known endemic 
focus of the disease, cases have been repeatedly reported from various 
localities along the Mediterranean coast and its islands. In localities 
in which systematic destruction of infected goats has been observed, a 
district which was originally a focus ceases to be one. In the goat- 
raising regions of Texas, South Africa and West Africa the disease is 
endemic. There are reports of infections occurring in China, India and 
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the West Indies, as well as in various South American countries. As 
noted under epidemiology, the bovine and porcine infections of undulant 
fever are becoming widespread, particularly as associated with the enor- 
mous distribution of the most serious, economically, of cattle diseases — 
contagious abortion of cattle, due to Brucella abortus. 
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By William B. Wherry, M.D. 
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112 — Diafinosis, j). 114 — t%)in plications and sequela?, j». 114 — Treat- 
ment, j>. 114 — ProjiJiylaxis, p. 114 — Si)ecific tlierayiy, p. 110 — Me- 
dicinal and jreneral treatment, i>. 110 — l^rounosis, ]». 117 — Patliol- 
ogry, 1>- 117 — Tlihlioiirajdiy, 118. 

Definition. — The plague is a disease of certain rodents, which is 
transmissible to man. The germ, the Bacillus pcstls, is usually iiiocu- 
]ate<l by the bite of certain Ileas which have fed upon rodents 
suffering from plague septicemia. At the site of the bite there may 
dc'velop an acute iiiha minatory focus of infection looking much like 
an antlirax carbuncle. This jirimary plague pustule is rather rare. As 
a rule, the virus, without creating a local lesion, travels along the 
lymphatics and, lo<lging in the nearest regional glands, multiplies and 
produces an acute lymphadenitis, a Imho. This is the buhemic plague. 
The Bacillus pcstis may jiass through the lymphatie filters and, gaining 
the circulation, produce secoudarg septicemic plague, Tf the virus is 
not iiitercejited by a lymphatic filter it readies the blood stream more 
rapidly, and primary plague septicemia results. The septicemia is usu- 
ally accompanied by the development of seeondary localizations in the 
lymphatic system, secaudary buboes, or in the lungs, secondary plague 
pnetmiowla. At times the Bacillus pest is shows a marked predilection 
for the lungs and, without the intervejition of rodents or fleas, spreads 
from man to man as a very fatal primary plague pneii mania. 

Stiology. — Exciting Cause: Bacteriology op the Organism. — 
Morphology. — The Bacillus pestis was discovered independently by 
Yersiii and by Kitasato in the first outbreak whieh occurred after the ad- 
vent of the bacteriologic era (IIong-Kong, 1894). It is a sporeless, non- 
motile rod, varying slightly in diameter and greatly in length. Often it 
shows marked polymorphism. In the tissues of susceptible animals, how- 
ever, the rods are usually slightly less than one micron in diameter and 
from one to two or three microns in length. It stains readily with most 
of the basic aniline dyes, and if not overstained, it shows the bipolar 
staining very uniformly. This bipolar staining is perhaps best demon- 
strated by any of the modifications of the Roman owsky stains or by 
Giemsa’s stain. It does not retain the stain in Gram’s method. The 
rod, in the tissues and in recently .isolated cultures, is surrounded by a 
mucoid capsule. 'While the bipolar-staining rods are most frequently en- 
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countered in the lesions of acute plague, there exists also the coccoid 
form which is not infr^eqtiently found postmortem in man, rats or 
squirrels. These faintly staining;^ rounded forms resume their usual 
shape on cultivation or when they are inoculated into susceptible ani- 
mals. The Bacillus pestis grows well at the body temj)erature on plain 
nutrient agar-agar in the presence of free oxygen. Often the growth 
is mueilaginous, especially when this takes place in the presence of 
sera, l^articiilarly coherent masses of growth in the i)roventrieulus of 
permanently infected fleas have been described by Bacot and Martin. 
Two peculiarities, exhibited during the growth on artificial media are 
of great value in identifying the germ : on nutrient agar containing 
3 per cent, sodium chlorid, large yeast-like and club-shaped forms de- 
velop ; and in undisturbed broth covered with oil the growth forms stalac- 
tite-like masses hanging from the surface film. 

In the primary lesions in acute plague the germs are present in 
enormous numbers. The blood of a plague-infected rat before death may 
contain more than 100,000,000 per cubic centimeter. In man the blood 
only occasionally contains as many as 1,000,000 germs per cubic centi- 
meter. 

Epidemiology. — Our complete knowledge concerning the epidemi- 
ology and transmission of plague was acquired during the last pandemic 
which began about 1894, invading fifty -two countries, and still re- 
crudesces annually in many parts of the world. The epidemic of 
pneumonic plague in Manchuria, 1910-11, was the first outbreak of this 
form of the disease sin(*e the advent of ba(*teriology. Practically all the 
important contributions were made by the last Indian Commission, or 
have been incorporated in their reports, and the data preseTited here are 
from that source. The older experiments of Simond, and of Gauthier 
and Raybaud, and of Liston hiiplicaling the flea in the transmission of 
plague were taken as the basis of experimentation. These were amply 
confirmed and a mass of additional data obtained. The Commission 
republished from an obscure Russian journal the really wonderful 
experimental WH)rk of Verjbitsky. 

Experiments conductin^l in sj^ecially constructed houses showed that 
plague would not spread as an epizootic among guinea pigs if fleas were 
exclud(^, and that the chances of transmissioji w ere enhanced directly in 
proportion to the number of fleas. Feeding, grossly contaminated sur- 
roundings, direct contact with the sick, and infected air, played no 
part in the al)sence of fleas. This was true also in the case of rats, 
though here, as showm before by other wmrkers, if the rats injured the 
buccal mucosa wdiile feeding on their dead companions, infection might 
occur. 

When healthy rats, guinea pigs and monkeys were exposed to infec- 
tion in P^^u^ houses they often died of the disease; on the bodies of 
the dead l^llltnals plague-infected fleas were found. When'shch animals 
were protected, as by strips of sticky fly pjiper six inches wide, th^^ 
escaped infestation and infection. Often fleas containing plague baclBfe 
were found on the fly paper. . ' , k 
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It was found that a rat flea eoul^ take>in as many as 500 plague 
j^rms at a single feeding, and under suitably temperature conditions 
these germs multiplied and passed out in a viable state with the excreta 
of the insect. Such excreta was shown to be infectious when placed on a 
flea bite and rubbed in by scratching. Iiater, Bacot and Martin showed 
that certain fleas suffer from an obstruction of the stomach and pro- 
ventriculus due to the implantation of tenacious masses of Bacillus 
pestis. Such fleas are apt to live for many days, though starved; 
they make repeated ineffectual attempts to feed. Their bite is very likely 
to transmit infection, for the blood, aspirated into the proventriculus 
and then regurgitated back into the wound caused by the proboscis, 
often carries with it the plague bacilli. The rat fleas, Xenapsylla 
rheopis and Ceratophyllus fasciaiiiSy and the human flea, Pulex ckeopis, 
all transmitted plague under experimental conditions. Xenopsylla che^ 
opts, being the most common rat flea in India, was chiefly concerned 
there. In Ameri<*a the Ceratophyllus fasciatiis is chiefly to blame. 

By placing a guinea pig jiopulation in certain deserted native vil- 
lages, it was found that plague in rats precedes that in humans. Rats, 
suffering from jilagne septicemia, may harbor from a few hundred 
thousand to a million or a billion plague bacilli per cubic centimeter 
of blood, while that of man rarely contains over a few thousand; 
hence, the chance of a man, ill with jdague, of acting as a source of in- 
fection for fleas is relatively small. However, man may act as such a 
source of infection, or may carry in his clothing or baggage fleas which 
have already been infected, and these may start a new epizootic. 

In addition to the rat, and man, many other animals may acquire 
I)lagu(? naturally. Among these, various species of ground squirrels are 
of great importance: the tarbagan {At'ciomys bobac)^ widely distributed 
in (Vmtral Asia, and the California ground squirrel (Citellus beecheyi) » 
Certain monkeys and tree squirrels in India have been found dead of 
plague. In America, the following rodents have been shown suscepti- 
ble to inoculation : the brush rat, the rock squirrel, desert wood rat, 
prairie dog, weasel, chipmunk, and pocket gopher. The llama is said to 
be susceptible to inoculation. In Australia, marsupials may become 
infected. Bats are susceptible to inoculation. Cats may develop a 
chronic form with cervical buboes. Mice played no role in the spread 
of plague in Bombay but they are very suscejitible. The extensive ex- 
periments of Bannerman and Kapadia showed that the common domestic 
animals-^horses, asses, cattle, sheep and pigs — are not susceptible. 

The Indian Commission made many interesting observations on the 
influence of meteorologic conditions on the spread of plague. It was 
known that in cold and temperate regions outbreaks occurred chiefly in 
summer; in hot, dry regions it died out in summer. Their observa- 
tions showed that temperature influenced to some extent the ipmber of 
r|kts, but especially the numerical prevalence of the rat fli^. Rats, 

, ;9^^h often outhuAber the human population, breed throughout the year 
in equable climates; extremes of heat an^ cold retard their multiplica- 
Tiou^j^ , rat-epizo6|ic like plague has temporarily reduced ^eir 
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numbers, there is an accelerated reproduction. This adds a lar^ number 
of young susceptible rats to the population. In this connection it may 
be noted that 59 per cent, of the rats in Bombay were found to be 
immune to relatively large doses of plague bacilli ; that in San Fran- 
cisco, 15 per cent, of small rats were found, by McCoy, to be immune 
long after the epidemic had passed. 

Coincidently with the appearance of a large population of young, 
relatively susceptible rats, the lower temperature favored the multiplica- 
tion of fleas; the high temperature of the ‘'off season’’ not only inter- 
fered with the deposition of eggs but restrained the eggs from developing 
into larv®. Furthermore a mean temperature of 85° F. (29,4° C,) and 
over, favored the rapid disappearance of the Bacillus pestis from the 
intestine of tlie flea. The period of infectivity of plague-infected 
fleas was six times greater during the epidemic than during the non- 
epidemi<t season. The interplay of these various factors largely regu- 
lates the seasonal prevalence of plague. 

But where has the xdagiie been during the interim between great out- 
breaks? Various centers where plague is said to persist have been de- 
scribed; the province of Yiiniian in (^hina; the Transbaikal region of 
Eastern Siberia and Mongolia; and in Uganda, Africa. Why plague 
has persisted in th(^e regions is not known. Perhaps our experiemte 
with plague in California will throw some light on the subject, for this 
state in the Union may well be considered a permanently infected focus. 
Introduced about twenty years ago, plague has persisted up to the 
I)re8ent day. Three outbreaks in rats and humans have occurred during 
this period and apparently the disease disappeared completely in the 
intervals. At the close of the last outbreak (1908), the writer described 
the occurrence of plague in the California ground squirrel. Its presence 
in these rodents had been suspected for years by Blue, Curry and others, 
but previous efforts to find infected squirrels had failed. Since that 
time, and to the present day, plague has been shown by Blue, McCoy, 
Rucker and others to pei^sist among these rodents in widely scattered 
sections of the state. 

In these rodents the disease may run an acute course, but there 
is a great tendency for the disease to become subacute and chronic. 
The writer noted the frequent occurrence of pulmonary lesions in 
naturally infected squirrels and in an unpublished neries of sub- 
inoculations found that the bacilli from such lungs showed a definite 
tendency to localize in the lungs of a series of guinea pigs. In this 
connection it may be noted that the pneumonic plague in Manchuria 
was thought to have originated among the tarbagan hunters in eastern 
Mongolia and northwestern Manchuria. 

Symptomatology. — CijInical History. — Period of Incubation. — The 
symptoms vary with the type of infection. About three-fourths of the 
cases are usually of the bubonic type. The incubation period is most 
frequently from four to six days ; it may be as short as thirty-six hours 
or as long as ten days. During this time there are symptoms of illness 
which are common to many infectious diseases : malaise, headache, nausea. 
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sensations of chilliness and muscular pains. Pains referable to regional 
glands which are to be the seat of buboes are especially noteworthy. 

Mode of Onset . — The onset is sudden with an initial rigor, or, in 
children with convulsions, is followed by a rise in temperature to 101®- 
103° P. (38.3°-39.4° C.). There is an increase in the intensity of many 
of the prodromal symptoms. The temperature rapidly rises to 103°- 
104° F. (39.4°-40° C.), or even to 107° F. (41.6° C.). This usually 
falls two or three degrees on the second or third day and then rises 
again to persist, with daily remissions, until it gradually falls with re- 
covery, 01 ^ suddenly drops to subnormal in fatal cases. The frontal and 
temporal headache is splitting. The eyes are injected and there is 
marked photophobia. The patient is dazed, or apathetic and drunken, 
or excited, restless and sleepless. Usually the bowels are constipated at 
the beginning of the attack ; early diarrhea is said to be a bad sign. 

Physical Findings. — The earliest pathognounmvio signs appear with 
the development of the buboes. These may be detected early in the 
disease, but are most frequently evident on the second or third day. 
Their development is usually accompanied by lancinating pains, but at 
times these may be absent and tenderness may be elicited only by 
pressure. The buboes may develop to the size of a man’s fist. In the 
order of frequency, the buboes occur in the inguinal, femoral, axillary, 
submaxillary and cervical regions. This is determined by the relative 
accessibility of corresponding areas of skin to fleas. As a rule the 
deepest seated glands are involved first. The primary buboes are usually 
single ; though they may be bilateral and multiple. As the periglandu- 
lar inflammatory exudate accumulates, the glands can no longer be felt 
nor moved beneath the skin. The overlying skin becomes hyperemic, 
edematous, and petechise may appear. In mild cases the lymphadenitis 
may subside, leaving hypertrophied and indurated glands behind, but in 
about ninety per cent, of cases the buboes suppurate during the second 
W'eek. The formation of internal buboes is accompanied by deep ab- 
dominal and lumbar pains. Palpation will elicit tenderness over the 
swollen spleen, the hemorrhagic stomach and intestines, and over the 
deep buboes. 

Either primary or secondary foci of infection may aj>pear in the 
skin. These are vesiculopustular with a hemorrhagic base. Although, at 
first minute, they may increase to 6-10 millimeters in diameter, and 
roughly resemble an anthrax carbuncle. The necrotic area is finally 
covered by a black scab. The primary pustule is due to the localiza- 
tion of the bacilli in the skin after their introduction by a flea bite, and 
here the nearest regional glands are usually involved. The secondary 
carbuncles are more frequently multiple and are found most often 
over or near the buboas. They may be numerous and show a tendency 
to recur. 

Hemorrhages into or beneath the skin may or may not be prominent. 
They may appear early, but most frequently at the height of the at- 
tack. Often petechial, but sometimes linear or diffuse patches, they ap- 
pear bright red, leaden or blackish in hue. In some outbreaks these 
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have been so numerous, along with hemorrhages from the respiratory, 
alimentary, urinary and genital tracts, as to recall, in individual cases 
at least, the Black Death of the Middle Ages. The writer has shown 
that extensive hemorrhages are apt to occur when the Bacillus pestis 
infects a scorbutic animal. Women often miscarry. The pulse through- 
out is usually rapid and weak, and there is a marked tendency to cardiac 
dilatation. 

Clinical Varieties. — Primary Plag^ue Septicemia . — In primary 
plague septicemia the onset is sudden with high fever, rapid, weak 
pulse, delirium or early collapse. The superficial glands may not be 
enlarged, but are tender on pressure. There may be hemorrhages from 
the gastro-intestinal tract. The course is usually rapid and death may 
occur within a day after the onset. 

Primary Plague Pneumonia . — In jirimary plague pneumonia the 
onset is very much like that of other pneumonias. A chill is followed 
by fever, headache, pains in the limbs, sense of distress in the chest, 
rapid respirations (40-70 per minute), cough and expectoration. The 
sputum is often thin at first and contains white mucopurulent flakes, 
but soon becomes bloody. There is a tendency to edema of the lungs. 
Most of the cases terminate fatally on the third or fourth day. 

Secondary Plague Pneumonia . — Secondary iilague pneumonia oc- 
curs (piite fretpiently, especially in tuberculous individuals. 

Diargnosis. — Typical eases of bubonic plague present no difficulties. 
The sudden onset, with high fever, pain in one or more sets of lymph- 
glands, often with the simultaneous appearance of a petechial rash, 
should arouse suspicion. The true nature of the disease is best de- 
termined by aspirating a small amount of fluid from a swollen gland 
and determining the presence of the Bacillus pesiis either micro- 
scopically, culturally, or by animal inoculation. These tests should al- 
ways be made at the beginning of an outbreak when sporadic cases are 
encountered, in order to establish the occurrence of plague. 

In the absence of an epidemic, the primary septicemic cases are 
apt to be mistaken for streptococcus septicemia, meningitis, typhoid, etc., 
unless confirmed bacteriologically by blood culture, animal inoculation 
or by postmortem examination. 

The sputum in i)neumonic plague is usually crowded with BcLcilhis 
pestis, either alone or mixed with the other bacteria commonly associated 
with pneumonia. 

Complications and Sequelae. — Primary bubonic cases are always in 
danger of secondary septicemia with pneumonia, which is always fatal. 
The suppuration of the bubo is sometimes greatly prolonged. There may 
be otitis. Due to intoxication, there is usually prolonged weakness of 
the heart; there may be aphonia, aphasia, mental weakness and vaso- 
motor disturbances. Jaundice may appear. The acute nephritis may 
become chronic with its attendant symptoms. 

Treatment. — Prophylaxis. — General . — General prophylaxis must be 
based on our knowledge of the origin and spread of the disease described 
more fully above. It comprises the wholesale destruction of rats, mice, 
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squirrels and their fleas; the proper disinfestation of plague houses, 
ships, wharves, stores and warehouses of all kinds, and of all dwellings 
which harhor the rodents concerned in the spread of plague. Knowledge 
of the distribution of rodents is best obtained by a well-organized force 
of rat catchers. Strict quarantine is justified, for not only may man 
travel during the incubation period and act as a reservoir of infection in 
a new place, but although healthy, he may transj)or't plague-infected fleas 
which start a new epizootic among rats. A normal pulse rate, a normal 
temperature, with absence of tenderness in the superficial glands is 
usually the criterion of non-infection. Every effort should likewise be 
made to limit the transportation of rats and mice. 

Most important of all the measures directed against rats and mice, 
and one which greatly aids in their destruction by trapping and paison^ 
ing, is an attempt to cut off th^ir food supply. This is best accomplished 
by the enforcement of regulations designed to protect foodstuffs from 
rats : the keeping of foods and waste food products in ratproof con- 
tainers ; the ratj)roofing of stores, granaries, warehouses, stables and all 
defectively constructed buildings which permit rats to gain entrance 
either along sewer, water or other conduits, or through other defects at 
their foundations. These defects are best remedied with concrete, gal- 
vanized iron netting or sheets. 

Since primary pneumonic plague is unaccompanied by plague in rats, 
and transmission is by direct contact, effective masking, combined with 
personal cleanliness, are necessary. Complete segregation and disin- 
fection produced an immediate fall in the incidence in the last out- 
break. Since the convalescents from this form of the disease may ex- 
pectorate virulent germs for weeks after the temperature is normal, they 
should be quarantined until their sputum is no longer infectious for 
guinea pigs. 

Individual . — In the presence of an epidemic it is advisable for all to 
be inoculated against plague — especially physicians, nurses, sanitary in- 
spectors, rat catchers, undertakers, morgue attendants and that portion 
of the population which is most likely to suffer on account of bad housing 
conditions. 

llaffkine^s vaccine is a six weeks old broth-culture of Bacillus pestis, 
killed by heating to 55° C. for fifteen minutes and preserved with 
0.5 per cent, carbolic acid. The dose for a healthy adult is 5 c.c. 
injected subcutaneously into the upper arm. Children may be given 
relatively large doses. Those over fifty years of age should receive one- 
tenth less than the adult dose for each decade above that age. The 
inoculation does not interfere with pregnancy, but after the seventh 
month the dose should be given in two inoculations. 

Analysis, by Bannerman, of several hundred thousand inoculations 
made in India shows that the Haffkine prophylactic not only reduces the 
incidence, but the case mortality, and that the immunity conferred lasts 
for two, and sometimes for five years. 

Shiga^s modification of a saline suspension of the Baeill'us pestis 
from agar slant cultures is just as effective if prepared with due 
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precaution and may be made ready in a shorter time. The suspension 
is of such a density that 1 c.c. contains 2 milligrams of wet germs. First 
0.6 c.c. is injected subcutaneously; and when the symptoms have sub- 
sided* (a week or ten days later), a second dose of 1 c.c. is given. 

The symptoms following the inoculations are severe : inflammation at 
the site of injection, with edema and pain, fever, headache and general 
malaise. These require no special treatment unless it be an ice-bag to 
the head. Catharsis will often give relief. 

R. P. Strong presented evidence which seemed to show that inocula- 
tion with living avirulent cultures yielded greater immunity in guinea 
pigs than that obtained by killed virulent cultures. Rowland, on re- 
peating Strong’s work, found that this was the only way to immunize 
guinea pigs, but that in the case of rats far greater immunity was ob- 
taine<l by the use of his nucleoprotein extract. It is probable that the 
cruder methods of active immunization described above will be sup- 
planted by improvements based on the work of the late Sidney Row- 
land. 

Specific Therapy. — Seriini Treatment . — Choksy has reported favor- 
ably on the use of the Yersin-Roux antiplague serum. Very mild, se- 
verely septicemic, and moribund cases were excluded. Out of 1081 cases, 
treated in India during 1905-1907, the general mortality was reduced 
to 49.6 per cent. If treated on the first day the mortality was 30 per 
cent. ; on the second day, 52 per cent. ; on the third day, over 60 per cent. 
Clioksy does not give the doses of serum used generally, but an adult 
is stated to have received 420 c.c. in six injections, and a child, seven years 
old, with septicemia, received 270 c.c. in six injections. Both of these 
patients recovered. 

Medicinal and General Treatment. — A favorable report on the ad- 
ministration of carbolic acid by mouth has been given by Thomson. He 
lost only 30 per cent, of 143 cases. Twelve grains (0.78 gram) was given 
in capsules every two hours, or 144 grains (9,36 grams) daily. In some 
cases there was carboluria which was controlled by omitting a couple 
of doses. 

The reports of favorable results obtained by Salvation Army work- 
ers in India in the Use of tincture of iodin, internally ^ two to four drops 
in a glass of water every four hours, have not received support from the 
experiments of Liston on guinea pigs. Some of the practitioners in 
India, however, have reported rapid recovery, following the intrayienous 
injection of a pint of physiologic salt solution Containing as much as 
seven drops of the tincture of iodin. There is not enough evidence, 
however, to really evaluate this method. In general, it is advisable 
to give calomel and salts early in the disease. Pain should be •controlled 
by ic6-packs, and the temperature by sponge batha. The buboes should 
not be incised until they show fluctuation. The heart is best supported 
by digitalis * and strophanthus. It is best to avoid coal-tar products, 
which might depress the heart. During convalescence over-exertion 
should be avoided as the heart action may remain feeble for a long 
time. 
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ProgpoLOsis. — The mortality in untreated cases varies from about 55 
to 98 per cent. As can be seen from the results of therapy, the pro^osis 
is always bad. 

Pathology. — The appearance of the huhoes is characteristic. The pri- 
mary huho is composed of one or more intensely congested swollen lymph- 
glands, varying from one to two or three centimeters in diameter and 
surrounded by a serogelatinous, hemorrhagic exudate. The hemorrhages 
may extend beyond this area into the surrounding skin and muscles. 
Pressure on the neighboring vessels may result in edema of the leg or 
arm in the ease of inguinal or axillary buboes. A femoral bubo is often 
continuous with one involving the iliac glands. In the neck the swelling 
is often so large as to produce pressure upon the larynx, trachea, cervi- 
cal nerves and blood-vessels, producing the dyspnea so conspicuous in 
these cases. The secondary huhoes show practically no periglandular 
exudations and may not be surrounded by hemorrhages apart from 
those into the cortex of the glands which are enlarged and moderately 
or severely congested. On section, the glandular tissue is intensely red 
or reddish-gray, firm, or soft and diffluent, according to the stage of the 
disease. 

Microscopically^ the divisions into cortex and medulla are largely 
effaced by cell destruction, leukocytic infiltration and hemorrhage. The 
blood-vessels are usually filled with fibrinocellular thrombi. The peri- 
glandular tissues show necrosis with much fibrinocellular exudation. 
The Bacilli pestis are present in enormous numbers everywhere, even in 
the walls of the blood-vessels where they are especially numerous in the 
adventitial coat. 

The spleen is congested and enlarged, firm or soft. The malpighian 
bodies are increased in size. Microscopically, there is marked engorge- 
ment ^of the vessels, infiltration and edema with proliferation of the 
perivascular cells and those surrounding the trabecuhe. There is much 
fibrin. The Bacilli pestis ^are very numerous, especially in the pulp. 

The hlood is usually dark and fluid. The heart is often soft and 
dilated. Microscopically there is often cloudy swelling of the myo- 
cardium and sometimes fatty changes. In twenty cases Herzog found 
few changes in the heart muscle worthy of nortice. In the parietal and 
visceral pericardium one usually finds numerous petechia^. Occasionally 
there is an excess of pericardial fluid which may be bloodstained. 

The larynx and trachea are usually congested. The congested and 
swollen broncliial tubes in many cases contain frothy fluid, and show 
submucous petechia?. ^ 

The lungs are greatly congested and edematous in most bubonic 
cases. In the pneumonia cases the involvement is usually at first peri- 
bronchial, but later may become lobar in type. Sometimes the consoli- 
dated areas are surrounded by an areola of intense hemorrhage. Apart 
from the greater tendency to hemorrhage, the descriptions given of the 
microscopical findings in plague pneumonia resemble those due to the 
pneumococcus and streptococcus. 
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The parietal and visceral pleurcE often show extensive subserous hem- 
orrhages; frequently there is hijdroth4)rax. 

In the congested alimentary tract the lymph follicles are usually 
swollen throughout. There are often numerous petechial hemorrhages 
in the mucosa of the stomach and large intestine. 

The liver shows the usual changes accompanying infections. Many 
petechia? may occur under its coat. Petechia? or more extensive hemor- 
rhages may be found under the serous coat and in the mucosa of the 
gall-bladder. 

The kidneys show subserous hemorrhages and are intensely con- 
gested. Microscopically one often finds a fibrinous thrombosis of the 
malpighian capillaries accompanying destructive changes in the tubular 
epithelium. At times there is hemorrhage into the pelvis of the kidney. 

Occasionally, numerous peteehise are seen in the mucosa of the 
bladder. 

The cerebral and spinal meninges are usually greatly congested. 
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CHAPTER XXVI 


THE MYCOSES 
By Richard L. Sutton, M.D. 

Actinomycosis, p. 119 — Eavus, p. 122 — MyceU)ina, p. 125 — Sporotri- 
chosis,' 128 — Myrinji:c)inyeosis, p. 132 — Tinea versicolor, p. 132 — 

Erythrasiiia, p. 13() — Pint a disease, p. 138 — Blastoniycosis, ]). 139 — 
Protozoic clerjnalitis, p. 143 — Tinea imbricata, p. 143 — Rinj^worm, 
p. 145 


ACTINOMYCOSIS 

Definition. — Actinomycosis, or “lumpy jaw,’’ is a chronic infectious 
disease due to the ray fungus^ and characterized by the development of 
indolent, granulomatous tumors, which tend to break down and dis- 
charge a seropurulent fluid, containing the granular bodies character- 
istic of the affection. No structure of the body is immune from attack; 
and in the majority of instances, the skin is secondarily involved. The 
head and neck are involved in about 52 per cent, of the reported cases, 
the abdomen in 21 per cent., the lungs in 13 per cent., the tongue in 
4 par cent., and the skin in 2.5 per cent. (Little, quoted by Pusey). 

Some of the domestic animals, and particularly cattle, are attacked 
much more frequently than men. 

Etiology and Pathology. — As previously stated, the disease is due to 
the ray fungus, or actinomyces. The organism is a ball-shaped fungus, 
consisting of a central, interwoven network, with radiating, bulbous 
mycelia — its general structure roughly resembling that of a sycamore 
ball. It stains readily by the Gram and Ziehl-Gabbett methods. Stokes, 
who has. studied the fungus culturally, concluded that the various patho- 
genic forms can at present be classified in seven species, all of which 
produce characteristic changes in the tissues of man and the lower 
animals. 

The disease is most common in laborers, and particularly in agri- 
culturists. Both Zeisler and Varney have reported cases in man con- 
tracted while chewing uncooked grain. The affection may be trans- 
mitted from one individual to another, or from man to animals, and 
vice versa. 

Histologically, the lesions are infectious granulomata. The fungus is 
imbedded in an amorphous granular mass, with an areola of plasma 
cells, and a halo of lymphoid elements. A few giant and mast cells, also, 
are to be found in the immediate neighborhood. 
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Fig. 1. — Actinomycosis Granules, Showing Kadiating Filaments. 
a, granule; b, tips of filaments. (Courtesy Pr. Arthur E. Hcrtzler, from Sutton's 
Diseases of the Skin," C. V. Mosby Co.) 






Fig. 2, — Actinomycosis in Man; Early Stage. 

Disease contracted through decayed tooth. (Courtesy Dr. Jabez N. Jackson, 
from Sutton's “Diseases of the Skin," C. V. Mosby Co.) 
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Symptomatology. — In the mouth and throat, the fungus usually 
gains entrance through a decayed tooth or a diseased tonsil. The first 
clinical evidence of its presence often is a hard lumpy swelling in the 
parotid or maxillary region. The involved skin becomes elevated and 



Pig. 3. — Actinomycosis of the Jaw; Typical Example. (Courtesy Dr. George 

M. MacKee.) 

reddened, and pea- to walnut-sized nodules develop and sooner or 
later soften and break down, discharging serum and sertipurulent mat- 
ter which contains large numbers of minute, friable, yellowish, fish-roe- 
like bodies, made up of conglomerate masses of the fungus. 

The incubation period varies, but usually extends over a period of 
several months; and the course of the disease ordinarily is slow and 


122 


THE MYCOSES 


protracted. Oranulation tissue sometimes develops around the sinus 
openings, and the lesions may bear a striking resemblance to those of 
scrofuloderma. The size of the affected areas varies somewhat, but in 
the cervical and maxillary cases, which are by far the most common, the 
patches are seldom larger than the i)alm of the hand. 

The subjective symptoms are remarkably slight, when the serious- 
ness of the disorder is taken into consideration ; and secondary inis 
infection generally gives rise to far more i^ain than that caused by the 
I)arent malady. 

Lymph-node metastases are rare ; and nodal enlargement, if pres- 
ent, is usually the result of secondary staphylococcic involvement. Con- 
stitutional symptoms, likewise, are largely dependent on the degree 
of the accompanying pus infection. 

Diagnosis. — The history, localization and character of the lesions, 
together with the granular discharge, should serve for recognition. The 
presence of the fungus is, of course, pathognomonic. In doubtful cases, 
repeated examinations should be made in order to discover or exclude 
the presence of the causative organism. Syphilis, tuberculosis, sar- 
coma, carcinoma and mycetoma are to be excluded. The wndter has seen 
one instance in which the affection was confused with tinea barboe, but the 
resemblance was, of course, very superficial. 

Treatment. — Aside from large doses of iodin internally, and the 
x-rays locally, the treatment is surgical. Any comi)licating pyogenic 
infection is to receive appropriate treatment. It is possible that vac- 
cine therapy might prove helpful in severe or obstinate cases. 

Prognosis. — The vast majority of the localized cases recover, but the 
prognosis must always be guarded, for generalized infection may occur. 


PAVUS 

Definition. — Favus is an infectious disease of the skin, due to a 
fungus (the Achorion schaenleinii) and characterized by the occurrence 
of rounded or oval, pinhead-sized, saucer-shaped, yellowish crusts, or 
scutula. 

Etiology and Pathology. — The causative agent is a fungus, the 
AcJiorion schoenleinii, and it is probable, as Unna and others believe, 
tliat there are several varieties of the organism. 

The disease is infectious and may be spread by the common of 
combs, towels and other toilet articles, and the interchanging of head- 
gear. The affection may also be transmitted to animals, and through 
them back to man. The majority of cases occur in careless or dirty 
individuals who live in crowded quarters. It is common in Poland, 
Russia and central Europe, and in some parts of Prance and Scot- 
land. An occasional imported case is seen in the United States. In 
ten years of rather extensive clinical experience in the Middle West 
the author has met with but two instances, both occurring in Polish 
Jews, who contracted the disease abroad. 
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The fungus forms long, slender, branching filaments, with numer- 
ous spores, and reproduces by endoconidia, by sprouting, and by the 
formation of unsegmented spindles (Pusey). It is probable, as Walker 
has stated, that the saucer-like shape of the scutula is due, not to the 
anchoring down of the center of the hair, but to the fact that the fungus 
elements of which the scutulum is composed are more luxuriant and 



Fm. 4 . — Favus of the Scalp; Typicai, Example in a Boy. (Courtesy Dr. George 

M. MaeKee, Medira/ I^rrord.) 

moist at the margin, while at the center they are dry and closely packed 
together. Scutula develop even when the fungus is grown on nutrient 
agar. When an affected hair shaft is examined under tlie microscope 
(after first having been cleansed wuth ether, and then treated for sev- 
eral minutes with a 10 per cent, aqueous solution of caustic potash) 
it will be found to be entirely filled with long ribbon-like mycelia. The 
medullary canal is entirely obliterated. It is because of this complete 
destruction of the medullary substance that the hair shafts are so dry, 
lusterless and brittle. On the glabrous skin, a laniigo hair is commonly 
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the site of the attack. The skin is usually veiy superficially affected, 
the organisms seldom penetrating much below the stratum cornenm. 

Symptomatology. — The most typical lesions are to be found on the 
scalp; and in this region each of the crusts, which are from 2 mm. to 
4 mm. in diameter, and are composed of masses of the organism, to- 
gether with epithelial debris and insi)issated serum, is at first discrete 
and i)enetrated by a single hair. Eater, as the disease progresses, the 
lesions become confluent and form yellowish, or dirty yellow, scaly 
masses, penetrated here and there by dry, lusterless, brittle hair shafts. 
When a crust is removed, a small, pinkish, or reddish, variola-like pit 
is left. 

As a result of pressure atrophy and of the accompanying slight 
inflammatory reaction, together with changes in the infected shaft, there 
is more or less destruction of the involved hair follicles, and partial 
or complete, but permanent, baldness eommoiily ensues. Tlie crusts 
have a peculiar and characteristic '‘mousy’' odor, which often proves 
of value as a diagnostic aid. 

In long-stand ijig and insufficiently treated eases, the saucer-shaped 
crusts may he few in number or entirely wauling, but the traces of 
pressure atrophy, the follicular changes and hair destruction, and the 
mouse-nest-like odor serve for recognition. 

The lesions are aiito-ino<*ulable, and asymmetrically grouped. The 
scalp usually is first involved. No region is exempt, however, and 
ill extensive cases, the glabrous skin may present numerous patches of 
the disease, and both the finger and toe-nails may contain masses of 
granular, yellowish detritus, consisting almost wholly of fungi. In the 
ungual region, the epidermis underlying the free edge of the nail is 
particularly subje(*t to attack. 

As in tinea triehophytiiia, the disease is usually contracted in early 
life, but unlike that disorder, there is no tendency to spontaneous 
recovery. In those instances in which the glabrous skin is involved, the 
disease may ultimately disappear from the body surface, even when 
untreated : but tlie hairy and ungual regions seldom, if ever, escape ; 
and in these l(>('aliti(*s the disease may persist indefinitely, despite treat- 
ment. The mueous surfaces randy are involved. 

{Subjective symptoms commonly are absent. 

Diagnosis. — The sulphur-colored seutula, if i)rpsent, are pathogno- 
monic. In the absence of these, the history, together with the location of 
the areas involved, the dry, brittle, lusterless condition of the hair, the 
peculiar type of atrophic baldness present, and the mouse-like odor, 
all serve for rt^eogiiition. Should these signs fail, a microscopical ex- 
amination of the hairs in the affected region should be made. 

Clinically, the disease differs essentially from ringworm, psoriasis 
and seborrheic dermatitis — affections to which it may bear a superficial 
resemblance. 

Treatment. — The scalp should first be thoroughly cleansed by means 
of oily applications, followed by the use of soap and water. The ideal 
plan is epilation by means of the x-ray, as described under ring- 
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worm {see page 162), followed by the use of mild antiseptic ointments. 
Should this plan be imi)raelieable, epilation by means of thumb foree)>s 
should be practiced. The hair should be kept clipped, and a weak alco- 
holic solution of bichlorid of mercury (1 to 2000) api)lied to the entire 
scalp once daily. In addition to this, an ammoniated mercurial oint- 
ment (5 per cent.) alone, or wi;:h salicylic acid (5 per cent.) added, 
should be rubbed into the affected areas each day, immediately after 





Fig. 5. — Favus of titk Forearm. 

Yellonish crusts on inflamed base; a few typical scutula. Scalp also involved. 
(Courtesy Dr. George ]\r. MacKee,) 


ejiilation. Recently , Strickler, Kolmer and Eavinder have successfully 
employed a vaccine in the treatment of favus of the scalp. 

Pavus of the body responds promptly and favorably to frequent 
applications of a mild mercurial ointment. 

Prognosis. — Entreated, the disease yiersists indefinitely, if the hairy 
regions are involved. Even wdth persistent treatment, the outlook iii 
long-scauding cases is discouraging. In the early cases, however, inten- 
sive and c'onscientious treatment is generally followed by a cure. The 
hair loss is usually permanent. 


MYCETOMA 

Definition. — Mycetoma, fungus foot, or Mladura-foot, is a chronic 
infectious disorder of the extremities, due to a species of sirepiothrixy 
and characterized by swelling of the affected part, with subsequent 
disintegration of the subcutaneous structures, and the formation of 
sinuses, which open on the surface of the skin. 
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The malady was accurately described by Kaempfer as far back as 
1712, but occurs only sporadically in temperate climates. The vast 
majority of reported cases have come from India, and particularly 
from Madura. 

Etiology and Pathology. - -llacteriologically, several different fungi 
hav'c been isolated. It is generally conceded that the yellow and black, 
at least, are due to different organisms. 

iMusgrave and ('legg have recently made a careful laboratory study 
of an organism found in a case of the ochroid type, with a fungus which 
they recovered, and to which they gave the name Streptoihrix freeri, 



0. — Mycftoma, Showing Char.actkristk^ Sinus Openings. 


and with whi(*h they successfully inoculated a number of monkeys and 
domestic animals. In Ihese instances, they succeeded in securing typical 
examples of Madura-foot in monkeys. 

It is possible that the tissues (synovial membranes, etc.) of this part 
of the body are ])articularly susceptible to this organism. 

Musgrave and Clegg found variations in the color of the granules, 
even when the same infecting agent was used. They conclude that 
all types of mycetoma are due to some form of streptothrix infection; 
and that the disorder differs both bacteriologically and clinically from 
actinomycosis — a fact the truth of whicli has been denied by Kanthack 
and others. 

Histologically, the earlier changes are those characteristic of in- 
fectious granulomata. Later, as the disease progresses, all of the tissues 
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of the foot are involved; and the numerous abscesses and sinuses con- 
nect the part into a swollen, sponge-like mass, filled with cysts, seropuru- 
lent matter, and broken-down eoniieetive tissue. 

Symptomatology. — The foot is usually the part attacked, although 
the hand, or even the knee, or elbow, is occasionally involved. 

The organism generally gaii^s access to the subeufaneous tissue 
through some slight wound or break in the skin, such as a thorn prick. 
In the course of a few days or weeks, the part becomes inflamed and 
swollen, and a firm, rounded nodule develops. This is followed by 



Pio. 7. — ^rvcETOMAj SHowixrj Progress op the Disease, Necessitating Ampu- 
tation OF Four Toes. (Courtesy Dr. John W. Porkins.) 

others until the affected area soon presents a reddened or purplisli, 
knobby appearance, not unlike that seen in actinomycosis, ^^fariy of 
the nodules arc perforated by narrow, tortuous canals, which pass far 
downward into the interior of the part, and discharge an oily, seropurii- 
lent fluid containing numbers of yellowish, reddish or brownish 
‘‘druses’’ or “grains.” 

The progress of the malady is slow, weeks and months often being 
required before it is fully developed. 

Clinically, the disease is commonly divided into three varieties — the 
yellow, black and red, according to the color of the fish-roe-like gran- 
ules thrown off. The yellow, or ochroid, is the commonest tyi)e. When 
once the nodules have broken dowm, they do not tend to heal, but con- 
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tinue to discharge. The number of fistulous openings varies from 
eight or ten to a half hundred or more. As the disease progresses, the 
part becomes enlarged, swollen and misshapen, until finally it may 
almost entirely lose its original outline. 

The subject he sj/mptonis are remarkably trivial. Lymph-node in- 
volvement occurs only as a result of secondary pyogenic infection. 

Dia»gnosis. — The history of the case, the location of the disease, and 
the i)resence of the sinuses, with the oily, grain-laden character of the 
discharge, should serve for easy recognition. 

Treatment. — Internally, iodin is the most reliable remedy. It is 
possible that vaccine therapy might prove helpful. Locally, curettage, 
the x-rays and caustics may be tried. Excision of the affected part, 
however, usually offers the only hoi)e of permanent relief. 

Prognosis. — The malady is a chronic one, extending over a period of 
years, or even decades. As a result of disuse, the affected limb may 
become shrunken and wasted. While the disease does not impair the 
internal organs, and seldom, if ever, directly causes death, it is very 
resistant to treatment. It never disappears spontaneously. 

SPOROTRICHOSIS 

Definition. — Sporotrichosis is a chronic infectious disease due to the 
sporothrijr, and (diaracterized by the development of numerous abscesses 
ill the skin and other organs. The malady was first described by 
Schenck, in 1898, and has been exhaustively studied, both clinically 
and bacteriologically, in this country and in Europe, and particularly 
in France. 

Etiology and Pathology. — The causative organism is an aerobic 
fungus, a sporothrix, which can seldom be found in the affected tissue 
by direct examination, but can readily be cultivated from the diseased 
material on almost all of the common media. Sabouraud's peptone- 
glueose-agar probably is best, but the writer has repeatedly grown the 
organism on agar and in bouillon. In cultures it occurs as slender my- 
celial threads, with minute, rounded or oval spores. 

The fungus is pathogenic to animals as well as to man ; and several 
different species are recognized. French observers, especially, have done 
much work along this line. It is very probable, however, as Meyer 
and Aird have suggested, that the Sporothrix schenckii and the Sporo- 
thrix heurmanii are identical. If this be the case, confusion will be 
avoided by restricting the descriptive adjective to the original dis- 
coverer, Schenck. 

The ages of the patients in the reported cases vary from five to 
seventy-eight years. The majority were from the agricultural districts. 
In many instances, the port of entry of the fungus into the body remains 
undiscovered. 

Histologically, the changes are not well defined, and may bear con- 
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siderable resemblariee to those of syphilis, tnberenlosis and stapliyloeoc- 
eie infections. 

Symptomatology. — Up to this time fully one hundred cases of the 
affection have been reported from the United States, j)rincipally from 
the Middle West and the Mississippi Valley region. Hamburger, of 
Chicago, and Meyer, of California, have made valuable and exhaustive 
statistical studies of the disorder. De Beurmann and Gougerot separate 
the eases into several clinical types, chief among which are the “syphi- 



Fig. S. — JSPOKOTiiRix, FROM CULTURE. (Mecliuiii magnification.) 


loid” and “tuberculoid’’ forms, and the “giant abscess” type of Dor. 
In the majority of instances, as seen in this country, the skin only is 
involved. The organism commonly gains entrance through some break 
in the skin, as a small itunctured or incised wound ; and at this point a 
small ulcer may develop, which is often spoken of as “the initial lesion.” 
In the course of a few ^ays or weeks, a chain of pea- to nut-sized, sub- 
cutaneous nodules appear along the course of the lymphatics, drain- 
ing the part, and intimately these break down and form sharply defined, 
fluctuating, subcutaneous abscesses. The overlying skin seldom rup- 
tures spontaneously, and the abscesses may persist for weeks, giving rise 
to very little pain or discomfort. The suhjectn^c sijmptoms are slight, 
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and ill the cutaneous cases, the constitutional disturbance usually is 
absent. Occasionally two or more of the cavities may become joined 
by sinuses. 

The large gummatous ty]:)es are rare in this country, but compara- 
tively common in PVance. 

The mucous membranes (buccopharyngeal) may be involved, and 
the lungs sometimes are attacked. 

Diagnosis. — The lesions are to be differentiated from those of syphilis, 



Pig. 9. — Spokothrix, from Culture, Showing Mycelia and JSporEs. 

ma^iiificatioi].) 


tuberculosis and cellulitis. In doubtful cases, recourse should be had 
to a cultural study. In syphilis, the history, distribution and char- 
acter of the lesions, together with the fact that subcutaneous abscesses 
are extremely rare, should serve for recognition. The same facts hold 
true in tuberculosis. In cellulitis, both the subjective and constitutional 
symptoms are well and sharply defined. The characteristic cutaneous 
manifestations of cellulitis are always accompanied by malaise, chills, 
fever and more or less prostration, and while the hyperemia and other 
signs of inflammation along the course of the involved lymphatics are 
well defined, suppuration is rare. 
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JO. — Sporotrichosis of thk Hand and Forearm. 

Infc'otion foJlowed injury of the hand. Note characteristic chain of abscesses. 
No elevation of temperature and very little pain. /From Sutton’s ^‘Diseases of 
the Skin/' C. V. Mosby (^o.) 

Prognosis and Treatment. — In the uiiconiplicated eases, as en(*ount- 
ered in this country, under jiroper treatment recover}^ is generally 
prompt and uneventful. In the rare systemic eases, the outlook is less 
hopeful. 

lodin, internally, in the form of the smliuiu or x)otassium salt, and 
locally, in the form of the tincture, can usually be depended upon to 



Fig. 11. — ^Sporotrichosis, Showing Condition of Aam Following Incision and 

Drainage of Abscesses. 

Prompt recovery under iodin treatment. 
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bring about a cure. If the patient is too susceptible to the drug to 
take it by the mouth, it should be administered in solution hypo- 
dermatically. 


MYRINaOMYCOSIS 

Definition. — Myringomycosis is a chronic superficial inflammatory 
disorder of the external auditory meatus, canal and drum, due to certain 
fungi, probably the Aspergillus niger and the Aspergillus glaucus. 

Symptomatology. — As a result of the inflammatory process, a scaly, 
moist, pultaceous, greenish or brownish crust is produced, which, when 
forcibly removed, exposes a reddened, moist, weeping surface. The 
whole canal, including the drum, may be involved, or the disease may 
be confined entirely to the meatus. In severe and more extensive cases, 
the drum may become perforated, or even destroyed. Barclay, who has 
exhaustively studied tlie condition, believes that the drum is primarily 
attacked, the disease subsequently extending to the canal. The first 
symptoms are itchiness and pain of varying degree, with more or less 
impairment of hearing. The surface of the skin early becomes scaly 
and moist. There is no tendency to spontaneous disappearance. 

Diagnosis. — The disease is to be differentiated from eczema and 
from seborrheic dermatitis. 

Treatment. — Patty applications api)ear to stimulate rather than re- 
tard the growth ; consequently, resort must be had to various antiseptics 
in aqueous or in alcoholic solution. Burnett found a 1 per cent, solu- 
tion of sodium hyposulphite valuable. Lowenberg recommends fre- 
quent washing with dilute or pure alcohol. The author has employed 
weak solutions of silver nitrate (1 to 5 per cent.) with very satisfactory 
results. In those cases presenting deep or extensive involvement, re- 
course should be had to the services of an aurist. 


TINEA VERSICOLOR 

Definition. — Tinea versicolor is a vegetable parasitic disease of the 
skin, due to infection with the Microsporon furfur, and characterized 
by the occurrence of yellowish, or brownish, furfuraceous, macular 
patches irregularly distributed over the chest and back. 

Etiology and Pathology. — The disease is due to a vegetable fungus, 
"‘the Microsporon furfur, discovered by Eichstadt in 1846, and is mildly 
infectious in character. At one time, it was thought that tuberculous 
individuals were especially susceptible to attack, but, aside from the 
fact that persons with excessively moist skins possibly are more liable 
to infection than normal individuals, it is doubtful if this is true. Ac- 
cording to Pusey, Huble found the disease in 68 per cent, of healthy 
young French soldiers, and Hazen says that it constitutes .8 per cent, 
of all dermatoses. Consequently, it can readily be seen that the malady 
is far more common in Europe than in this country. 
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Histologically, only the upper layers of the stratum corneum are r 
involved, and on disappearing the disease leaves no trace. 

Symptomatology . — The disease is a common one, especially in other- 
wise healthy individuals, and the majority of patients are adult males. 
The earliest perceptible lesions are minute, yellowish, macular points 
covered with minute scales, and usually located on the anterior surface 
of the chest. These gradually increase in size and number, and finally 
coalesce to form large, irregular plaques, which ultimately may cover 



Fig. 12. — Microsporon Furfur. (Moderate magnification.) 

the entire upper portion of the trunk. The scaling is most readily ap- 
preciable in dry, harsh-skinned individuals, and can easily be demon- 
strated by gently stroking the affected surface with the sharp edge of 
a curette. The palms and soles are seldom affected. In rare instances 
the neck, and even the face and scalp, may be involved. On the face, 
the lesions may be mistaken for those of chloasma. 

The eruption is wholly macular, although occasionally, as in a case 
seen by McEwen, follicular involvement may be sufficiently marked to 
give rise to a nutmeg-like appearance. 

The course of the disease is essentially slow and tedious, and owing 
to the lack of subjective symptoms, the discovery of its presence often 
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is a matter of accident. The author has repeatedly encountered such 
eases during the routine examination of recruits. While the eruption 
may give rise to slight itching or other feeling of discomfort, as a ru^e 
subjective symptoms are entirely wanting. 'After progressing up to a 



Fig. 33. — Tinea A^ER.siroT.oR, Showing OHARACTERisTir Distribution. (Courtesy 

Dr. George M. MacKee.) 

certain point, the eruption is apt to remain more or less stationary for 
months or even years. 

Diagnosis. — The color, chara(*ter, distribution and history of the 
lesions should serve readily for their recognition, and the presence 
of mycelia and spores can readily be demonstrated in the scrapings 
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after they have been treated for a few minutes in a 10 per cent, aqueous 
solution of liquor ])otasste. In pityriasis rosea, the disease runs an 
acute course, and the lesions, instead of being brownish in color and 
irregular in outline, possess a pinkish or yellowish tinge, and are oval 



m 




Tig. 14. — Tine\ Vkrsjooi.or, Usvai. Distribution. 

Fungus recovoretl. 

or rounded in outline. In seborrheic dermatitis, the sternal and axil- 
lary regions are favored points of attack, and the lesions, in addition 
to being greasy in character, and frequently circinate in outline, are 
definitely inflammatory. The microsporon also is of course absent. Other 
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affections which at times may prove confusing are, chloasma, and the 
hyperpigmented borders ocrcurring in vitiligo. 

Treatment. — The daily application of an ointment containing am- 
moniated mercury (5 per cent.) and salicylic acid (5 per cent.) often 
is followed by the disappearance of the eruption, and sulphur and 
resorcin also prove effective remedies at times. Walker recommends a 
10 per cent, alcoholic solution of tar. In the writer's experience, a much 
more satisfactory plan of treatment is the sodium hyposulphite and tar- 
taric acid method recommended by Crocker. The patient first scrubs 
thoroughly with soap and warm water, using a nail brush, and then dons 
clean underclothing. A 5 per cent, aqueous solution of sodium hypo- 
sulphite is then thoroughly applied to the affected surface by means 
of a flannel cloth, and this is followed by a 3 per cent, aqueous solution 
of tartaric acid, also vigorously applied with a flannel cloth. By the 
action of the acid on the sodium salt, nascent sulphur and sulphurous 
acid are produced in situ^ and as a rule only a few applications are 
required to bring about a cure. The remedies should be employed 
nightly for one week, care being taken to sterilize the underclothing; 
and after this, treatment can be diseontinued unless new i^atches develop. 

Prognosis. — The disease is readily and promptly eradicated by ap- 
propriate local treatment, and even if neglected, is harmless. 


ERYTHRASMA 

Definition. — Erythrasma is a vegetable parasitic disease of the skin, 
due to infection with the Microsporon miiiutissimum, and characterized 
by the occurrence of brownish or reddish-brown patches in the genito- 
crural and axillary regions, and on other moist opposing surfaces. 

Etiology and Pathology. — The affection is due to a small hyphomy- 
cetic fungus, the Microsporon minutissinmm^ which was originally dis- 
covered by Burchardt in 1859. The designation, “erythrasma,” was 
suggested by von Barensprung in 1862. It is a disease of adult life, 
and is rare in America, but comparatively common on the Continent. 
The organism can readily be recovered from the scrapings, and is a 
delicate fungus presenting both hyphoe and granules. The threads vary 
in length from 0.04 to 0.06 of a millimeter, and are piled in irregular 
shapes. 

Only the more superficial layers of the stratum corneum are in- 
volved, and the hair follicles entirely escape. 

Symptomatology. — The disease usually begins in the genitocrural 
folds, as small, rounded or irregular, well-defined, reddish-brown scaly 
patches. The scales are minute and furfuraceous, and can readily be 
removed with a sharp curet, or even the edge of a finger-nail. As the 
patches enlarge, they tend to coalesce, the confluent plaques retaining 
the clinical characteristics of the smaller lesions. In cases invading 
the axillae, the disease may spread to the other flexor surface, but this 
course is unusual. 
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After becoming fully established and progressing up to a certain 
point, the disease generally remains stationary for months or years. 
There is no tendency to spontaneous disappearance. Usually the sub- 
ject ii^e symptoms are slight or entirely lacking; and not uncommonly 
the presence of the disease is discovered only by accident. 



FlO. J5. ERV'i'jrR-^SMA OP THE CteTIRAI. REGION. 


Diagnosis. — The disease must be differentiated from tinea tricho- 
phytina cruris, pityriasis rosea, tinea versicolor and seborrheic derma- 
titis. 

Tinea cruris develops more rapidly, and is accompanied by well- 
marked signs of inflammation. Itching and burning are frequent accom- 
panying symptoms. The lesions are reddened, inflamed and elevated, 
particularly at the borders of the patches. 

In pityriasis rosea, the eruption is scattered over the entire trunk 
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and there is usually a history of a primary ^'mother patch/' The 
^'ourse of the disease is acute, and an attack seldom extends over a 
period of five or six weeks. The lesions are yellowish, or pinkish, in 
color, and rounded or circinate in outline. 

Tinea versicolor is seldom, if ever, limited to the genitocrural and 
axillary regions, and the lesions are yellowish or light brown in color. 
In doubtful cases, resort should always be had to a microscopic examina- 
tion of the scales. 

Prognosis and Treatment.^ — The disease is a mild and trivial one, but 
is more resistant to treatment than tinea versicolor. The same methods 
of treatment are applicable to both disorders. 


PINTA DISEASE 

Definition. — Pinta disease is a vegetable parasitic disorder of the 
skin and mucous membranes, due to the conjoint action of several dif- 
ferent fungi, and characterized by the occurrence of variously sized, 
shaped and colored scaly patches. 

Etiology and Pathology. — The disease is endemic in certain tropical 
portions of South America, and its development is favored by cai'eless 
and uncleanly habits of living. Both the white and black races are 
susceptible. The results of the investigations of Florez and otluirs 
indicate that the affection is due to the action of several fungi, notably 
the aspergillus, penci Ilium, monilia, and, possibly, a trichophyton 
(Blanchard and Bodin). 

Histologically, the disease at first is confined to the outer layers 
o£ the epidermis, but later the prickle layer, and even the stratum 
germinativum and the eorium sometimes are involvt»d. 

Symptomatology. — The spots first appear on the exposed surfaces, 
particularly the face, neck and hands, and they may develop on some 
previous eruption. Occasionally, an attack is preceded by gastro-intes- 
tinal disturbance, but this is the exception and not the rule. The lesions 
are wholly due to the growth of fungi and may be superficial or deep. 
The color varies from grayish to bluish or black. As a result of the 
infiammatory reaction, there may be more or less sloughing, witlf the 
consequent formation of smooth, whitish, atrophic cicatrices. The 
patches are irregular in outline and distribution, sharply defined, and 
more or less itchy from the beginning. No part of the body is exempt, 
but the palms and soles are seldom attacked. In their general character, 
the lesions at first closely resemble those of tinea versicolor (Hazen), 
but later the deeper layers of the skin become involved, and ultimately 
the rete may become fairly riddled with fungi. The scaliness is at 
first furfuraceous, but later lamellar, and a hyperkeratinization of vari- 
able degree frequently develops. The mucous membranes are involved 
only in extreme cases. In many instances the hair in the involved areas 
become thinned, dry and harsh, and may fall out, probably as a result of 
fibrosis with ensuing atrophy. The course of the disease is chronic, and 
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may extend over a period of many years, and there is no tendency to 
spontaneous disappearance. There is intense itching at times, but aside 
from the discomfort of the cutaneous changes arising from frequent 
and violent scratching, the general health is not affected. 

Treatment. — In the earlier stages of the disease, mild parasiticidal 
ointments, as ammoniated mercury (5 per cent.), sulphur and salicylic 
acid (10 per cent.), tincture of iodin, and similar agents, may prove 
effectual. As the deeper layers of the skin become involved, however, 
recourse must be had to chrysarobin and similar vigorous medicaments. 

Prognosis. — The disease is obstinate and resistant to treatment and 
exhibits no tendency to spontaneous cure. IMany of the cases persist 
through life. 


BLASTOMYCOSIS 

Definition. — Blastomycosis is a chronic infectious disorder due to 
a yeast fungus, the blast omycetCy which attacks the skin and various 
internal organs, giving rise to numerous minute, chronic abscesses. The 
disorder was first described by Gilchrist in 1894, and has been extensively 
studied by Hyde, F. II. Montgomery, llektoen, Ricketts, Pusey, Ormsby 
and Miller, Varney, Bowen, Kessler and others, in this country, and 
Buschke and liiisse in Germany. 

Etiology and Pathology. — The disease is due to a vegetable fungus, 
the hlasiomyceie, a peculiar budding organism which superficially re- 
sembles an ordinary yeast cell. The organism can usually be readily 
recovered from the miliary abscesses, and is easily cultured, best on 
maltose agar. Guinea pigs and other laboratory animals are susceptible 
to infection. The organisms are rounded or oval in outline, occur 
singly or in pairs, and average about 10 or 12 microns in diameter. 
They possess a distinct capsule, and the central portion is made up of 
finely granular protoplasm. In the body they reproduce by gemmation 
without spore formation. 

Histologically, there is marked acanthosis, many of the interpapular 
projections extending far below the ordinary level. As Hazen says, 
when shaved off, the prolongations may resemble carcinoma of the 
skin, •except that the normal relationship of prickle and basal cells is 
undisturbed. The small abscesses lie between these epidermal down- 
growths, and contain numerous polynuclear cells, as well as serum and 
fungi. 

In man, there is often a history of trauma preceding the development 
of the first lesion. The majority of cases occur in persons who lead 
an outdoor life. For some unknown reason, the disorder is quite preva- 
lent in and around Chicago, a considerable percentage of the recorded 
cases having been reported from that region. It is also a fairly common 
affection in other parts of the Middle AVest. It is very rare in England, 
and comparatively so on the Continent. 

Symptomatology. — In the skin, the lesions consist of collections of 
elevated, warty, suppurating, pea-sized, papules or papulopustules, with 
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sharply sloping, purplish-red borders, and numerous subdermal miliary 
abscesses, filled with pus and seropurulent matter. The surface of the 
lesions is moist and crusted ; and when the masses of dried pus and 
debris are removed, the oozing, granular points are exposed. The patches 
increase in size, cither by peripheral extension or through the develop- 
ment of satellite lesions. When healing does occur, the surface is left 
rough and verrucose. The ulceration is comparatively superficial, and 
in many respects the many lesions resemble those of tuberculosis ver- 
rucosa cutis, a disease with which blastomycosis was formerly very 
frequently confounded. 



Fig. 16. — Blastomycosis op the Hand, Following Injury of Finger. (Courtesy 
Dr. Otto Leslie Castle, from Sutton’s “Diseases of the Skin,” C. V. Mosby Co.) 

The general health, except in the somewhat rare systemic cases, is 
unaffected. The commonest sites for the lesions are the uncovered areas 
— the hands and face — although no portion of the body is exempt. Sev- 
eral instances have been recorded in which the eyelid was involved. 
The mucous membranes occasionally are attacked. 

The initial lesion is an indolent reddish papule or papulopustule, 
which bleeds easily, and at the border of which the characteristic 
minute abscesses containing the organism can always be found. 

The course of the disease is essentially chronic, although spontane- 
ous healing may occur. 

DiSignosiB. — The disease is to be distinguished from tuberculosis 
verrucosa cutis, sporotrichosis, syphilis and lupus vulgaris. 

In tuberculosis verrucosa cutis, the lesions develop more slowly, the 
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Fig. 17. — BLASTOMYtogis OP THE Haxd in a Farmer. 

Duration three months. Presence of fungus dcnioiistrated. (Courtesy Dr.George M. MacKee.) 
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margins of the patches do not slope so abruptly, and the miliary ab- 
scesses characteristic of blastomycosis are absent. In sporotrichosis the 
lesions usually develop along the course of the lymphatics; giving rise 
to hard, subcutaneous nodules which finally break down, but never 
give rise to the granular, suppurating patches seen in blastomycosis. 
The vegetating syi)hiloderm is at first tubercular and characteristic 
in outline (segmoitary or circinate), finally breaking down and becom- 



Fig. 18. — Blastomycosis of the Eyelid, a Not Unusual Location. (Courtes.y 
Doctors .T. B. and J. C. Kessler.) 


ing covered by a foul, greenish crust. The Wassermann test ^..positive. 

In lupus vulgaris, the jirogrcss of the lesions is very slow, marked 
ulceration may occur; and the miliary abscesses pathognomonic of 
blastomycosis are absent. 

Treatment. — Internally, iodin to the limit of toleration is the most 
reliable remedy. Gilchrist has reported improvement following the 
injection of a sterilized autogenous filtrate from living organisms. 
Stober has used vaccines with encouraging results. 

Locally, dependence is to be placed in the x-ray, curettage, super- 
ficial cauterization or excision. The careful and thorough use of 
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Roentgen therapy has in the writer’s hands proved the most valuable of 
all agents. Of the various antiseptics, iodin is one of the most effectual. 

Prognosis. — The systemic cases generally prove fatal (90 per cent., 
Stober). The cutaneous cases are obstinate and resistent, but persever- 
ance in treatment is usually followed by a cure. Recurrences are not 
uncommon. Occasionally, the lesions disappear spontaneously. 


PROTOZOIC DERMATITIS 

Definition. — Protozoic dermatitis, dermatitis eoceidioides or coc- 
cidioidal granuloma is a chronic inflammatory disease of the skin, which 
occurs almost exclusively on the Pacific coast and is closely allied to, 
if not identical with, blastomycosis. The affection was first described 
by Wernicke, of South America, in 1890, and has been carefully studied 
by Rixford, Gilchrist, Howard Morrow, D. W. Montgomery, Chipman 
and others in this country. Pusey has reported one characteristic case 
occurring in a foreign-born woman in Chicago. 

Etiology. — Ophuls believes that the causative organism is larger 
than the blastomycete, that it multiplies by endogenous sporulation 
and that there is no budding. Hektoen has found that the nodules 
are tuberculous rather than blastornycetic in character. 

Symptomatology. — The lymph nodes are early and extensively in- 
volved, and the disease is prone to become systemic and generalized. 

Treatment. — The treatment is the same as for blastomycosis. 

Prognosis. — The prognosis, in so far as life is concerned, is always 
serious. 


TINEA IMBRICATA 

Definition. — Tinea imbricata is a vegetable parasitic disease of the 
tropics, characterized by imbricated, scaly patches, which usually take 
the form of concentric rings. Manson states that its distribution cor- 
responds closely with that of the cocoanut tree (Burma, Southern China 
and the Malay archipelago). 

Etiology and Pathology. — As previously stated, the occurrence of 
the affection is practically confined to certain tropical countries. Chil- 
dren are attacked oftener than adults. 

The eausative fungus resembles in many of its characteristics the 
trichophyton, but grows in the horny epidermis in much greater abund- 
ance than the ordinary types of that organism. Castellani, who has 
recently made an exhaustive study of the fungus, believes it to be an 
endodermophyton. Under suitable conditions, the lesions develop very 
rapidly following inoculation. 

Symptomatology. — The lesions are at first rounded or oval in out- 
line, slightly elevated, and brownish in color. Ultimately, the epi- 
dermis in the center of the ring becomes broken and splits up and 
loosens, as the patches enlarge, forming imbricated, paper-like scales. 




(After Hengeller.) 
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As the rings increase in diameter, new lesions develop in the central 
portion. These undergo the same involution changes as the earlier 
ones, until ultimately a series of three or more may be present at 
one time. Owing to the frequent intersection of two or more patches, 
gyrate or serpiginous figures may be formed. As a rule, the extend- 
ing margin of the ring is narrow — from 1 to 5 cm. in width — and if 
the inflammatory process is very acute, vesiculation and even suppura- 
tion may be present. In the majority of instances, only the superficial 
layers of the skin are involved, although Koniger and others have ob- 
served eases in which both the hair follicles and shafts apparently were 
attacked. In the older lesions, the scales are thin and quite large, from 
1 to 2 cm. in diameter. According to Castellani, the nails occasionally 
are affected. In very dark-skinned individuals, the patches appear 
lighter than the normal skin : in light-skinned individuals, darker. 

The lesions are extremely itchy, especially when the patient becomes 
warm or perspires. The malady is a chronic one, and in the majority 
of instances involves large areas on the trunk and limbs. The scalp 
and face g(*neral]y escape. 

Diagnosis. — The peculiar, shingle-like character of the affected areas 
(IManson has compared the ringed appearance of the body to that of 
a piece of watered silk), the extensive involvement, and the history, 
should serve to exclude ringworm and tinea versicolor — ^the only two 
disorders with which it is likely to be confused. 

Treatment. — The patient’s clothing should be sterilized or destroyed. 
Of the various remedies suggested, iodin liniment, as recommended by 
Manson, probably is the most reliable. The parasiticides cornmonlj^ em- 
ployed in the treatment of ringworm often give good result.s here, 
and ammoniated mercurial ointment, sulphur, in ointment, or better 
in vapor form (Bonnafy and Mialaret), resorcin or chrysarobin may 
be tried. 

Prognosis. — The lesions respond readily and favorably to treatment : 
but owing to the extent of the areas involved, and the tendency to 
relapses and recurrences, it is not always easy to bring about a perma- 
nent cure. 


RINGWORM 

Definition. — Ringworm is a disease of the skin due to a vegetable 
])arasite, the Tinea> tonsurans. The cause of the disorder was discov- 
ered by Gruby in 1843, and independently by Malmsten in 1844, but 
despite the confirmatory evidence presented by Bazin in 1853, it was 
not until the epochal researches of Sabouraud in 1892, that the medical 
world fully realized the wide and diverse character of the etiologic 
fungi found in the various clinical types of the disease. 

Sabouraud at first separated the causative organisms into two main 
classes: the small-spored fungus, or microsporon, and the large-spored 
fungus, or megalosporon. The latter was further dmded into two 
varieties: the Megalosporon ectothrix, in which the fungus grew and 
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multiplied on the outer surface of the affected hair shaft, and the 
Megoimporon evdoihrix, in which the fungus invaded and practically 
confined itself to the interior of the involved shaft. In those cases 
presenting both topical and internal involvement, the term ‘^endo-ecto- 
thrix’^ was applied. 

For purposes of finer differentiation Sabouraud separated the or- 
ganisms according to their resistance to standai’dized solutions of potas- 
sium hydroxid. Later, finding this plan impracticable, he studied the 
organisms culturally and found that there exists a great number of 
different varieties of tinea — eleven of the microsporon and a score or 
more of the large-spored forms. Of the latter, a half dozen types are 
common, and, singly or combined, give rise to the majority of cases 
of ringworm, as ordinarily encountered. 

Of the various microsporons, the Microsporon midouini is most com- 
mon in this country and in England, and usually is of human origin. 
The Microsporan tardium, likewise of human origin, is the cause of a 
small percentage of British and Continental cases. Of the microsporons 
of animal origin, the Microsporon feUnenm and the Microsporon lano- 
sum are the more important. 

According to Sabouraud, the Trichophyton crateriforme, the IVicho- 
phyton cerchriformcy the Trichophyton aenminatum, and the Tricho- 
phyton violaeetim, all endothrices, are the more important of the large- 
spored fungi, and all may, at one time or another, involve either the 
glabrous or hairy surfaces, although the so-called cerebriforme type ap- 
pears to have a particular affinity for the bearded region. 

The Epidermophyton inguinale, which is generally the causative 
factor in ‘‘eczema marginatum,’’ and in so-called “crotch ringworm,” 
never attacks the hair shafts; and for this reason, Castellani and 
others hold that it is not a true trichophyton, but an epidermophyton. 
This organism also, as Whitfield and Sabouraud have shown, exhibits a 
special predilection for the interdigital spaces and similar moist areas. 

Basing his statistics on Parisian cases of the disease, Sabouraud 
found the various types of infection caused by the different organisms 
to be, as follows: 


Organism 

Scalp 

Beard 

Glabrous 

Skin 

Nails 

1 

Total 

Microsporon audoiiini 

132 

0 

0 

0 

132 

Microsporon lanosum 

12 

1 

2 

0 

15 

Trichophyton craterif ormc 

112 

0 

3 

0 

115 

Trichophyton acuminatum 

47 

1 

4 

0 

52 

Trichoph 3 rton violaceum 

33 

2 

1 

1 

37 

Trichophyton cerebriforme. . . . 

5 

7 

1 

0 

13 

Trichophyton astcroides 

5 

0 

10 

0 

15 

Trichophyton rosaceum 

0 

5 

0 

0 

5 

Trichophyton ochraceum 

1 

1 

5 

0 

7 


The fungi grow by preference in the corneous layer of the epidermis, 
and the more deeply-seated lesions are usually a result of hair shaft 
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involvement. The connective tissue occasionally is involved, however, 
particularly in megalosporic ringworm; and marked inflammatory re- 
action may ensue. The lesions differ clinically according to the char- 
acter and number of organisms present, the anatomic location, and the 
extent of the involvement, and, to a certain degree, the individual sus- 
ceptibility of the patient. 

For purposes of description, five different varieties of ringworm are 
recognized : 

I. Ringworm of the glabrous skin, including the 
palms and soles. 

II. Ringworm of the genitocrural region. 

III. Ringworm of the scalp. 

IV. Ringworm of the beard. 

V. Ringworm of the nails. 

Etiology and Pathology. — As previously stated, ringworm is due to 
a vegetable fungus, of which several different varieties are recognized. 
Many of the domestic animals (the cat, dog, horse and cow), and even 
wild animals (hedgehog), and birds may become infected with the or- 
ganism and serve as sources of contagion to man. In children, the 
disease is most often contracted through the interchange of headgear, 
and the common use of combs, brushes and other toilet articles. In 
adults, bathing establishments frequently serve as disseminators of the 
disease. Ringworm of the glabrous skin occurs more often in children 
than in adults; while the scalp cases are practically all confined to 
individuals below the age of puberty. 

No race is exempt. Ilazen has reported numerous examples of all 
types in the negro. 

The s(*alp cases are particularly common in orphanages and similar 
institutions, where children live in crowded quarters. 

The comparative frequency with which the various types of fungi 
occur has already been discussed. 

As a rule, the cutaneous involvement is comparatively superficial, only 
the outermost, keratinized, layers of the skin being attacked. Occa- 
sionally, the deeper layers are implicated, however, as in kerion ; and 
fungi may be found deep in the follicles, and even in the perifollicular 
tissues (Robinson). 

In the hairy regions, the fungus often pervades the entire shaft, 
clear to the bottom of the follicle. It is for this reason that the disease 
is so difficult to eradicate. Local applications, no matter how readily 
absorled, pass downward only to the appended sebaceous gland, exerting 
no influence on the organism in the basal portion of the follicle. 

The fungi can readily be found in the affected tissues by treating 
the affected scales and hair shafts with a 10 per cent, aqueous solution 
of potassium hydroxid, with or without the addition of gentle heat, and 
examining with a medium or high-power lens. 

If more detailed study is desirable (for the i*ecognition of special 
types of organisms), recourse should be had to various cultural methods. 
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Pig. 20. Large-spored Kingworm Recovered from an Infected Hair. (High mag- 

nification.) (Courtesy Dr. George M..MacKee, from Sutton’s “Diseases of the 
Skin,’' C. V. Mosby Co.) 

The maltose or glucose mixtures suggested by Sabouraud are the best. 
He recommends the following: 
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The ^owths become percejjtible in from seven to ten days, but it 
requires from a fortnight to six weeks for them to become sufficiently 
characteristic for gross recognition. 

Types of Ringworm. — 1. Ringworm op the Glabrous Skin. — Ring- 
worm of the non-hairy surfaces usually begins as a tiattened pinkish 
papule. The lesion tends to spread peripherally, and may or 



Fig. 21 — Ringworm of the Chest; Characteristic Circinate Lesion. (Courtesy 

Dr. George M. MacKee.) 

may not clear up in the centei\ Hazen, who has had a wide ei^erience 
with the disease, divides ringworm of the glabrous skin into five general 
clinical groups. 

(1) Small, scaly, rounded areas, not clearing in the center, almost 
non-inflammatory, confined chiefiy to the neck, face and shoulders, and 
frequently associated with tinea tonsurans, usually due to a microsporon. 

[2) Widely disseminated, superficial, infiammatory, iion-ringed 
lesions, due to an endothrix, ar to the Trichophyton ochraceum. 
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(3) Completely ringed lesions, clearing in the center, and sometimes 
composed of rings within rings, slightly or markedly inflammatory, 
with vesicles at the margins. An endothrix occasionally is responsible, 
but more often it is due to the Micrasporon lanosuniy or an ectothrix. 



Fig. 22. — Ringworm of the Palm; Lesion Suggestive of Chronic Eczema. 

(4) Rounded, elevated lesions, not clearing in the center, often of 
considerable depth, and nearly always caused by an ectothrix, usually 
the Trichophyton asteroidcs or cerehriforme. 

(5) Deep, kerion-like lesions, usually located on the hands or fore- 
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arms, and always due to an ectothrix — usually the asteroides or cere- 
briforme, not uiicoinnion in hostlers. 

Group 3 of Hazen^s classification is very frequently encountered, 
and may be taken as characteristic of the corporeal type of the dis- 
ease. Here the initial plaque is sharply defijied, and actively inflamed. 
The lesions clear in the center and gradually increase in size until a 
diameter of 8.0 or 10.0 cm. is reached. They then remain stationary 



Fjcs. 2 :\. -Ringworm of the Pat.m and Thumb. 


for a week or more, and may ultimately disappear without treatment, 
leaving no trace. 

By the coalescence of two or more lesions, gyrate figures may be 
produced. In some instances, only the uncovered surfaces are attacked. 
As a rule, the involvement is not extensive. Itching and burning may 
be present, but the subjective sijmptmis are neither marked nor 
severe. 

Recently, Ormsby and Mitchell, in an exhaustive and classical con- 
tribution, have added much to our knowledge concerning ringworm of 
the palms and soles. As these investigators have proved, many palmar 
and plantar eruptions formerljr diagnosed as instances of ringworm, 
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pompholyx, etc., undoubtedly have been due to infection with some^ 
variety of trichophyton or epidermidophyton. 

In these localities, the lesions may be suggestive of a mild psoriws 
or seborrheic dermatitis, and from these mild chronic or subacute an- 
flammatory manifestations, the symptomatology may vary to that of 
a vesicular or moist eczema, or a severe and extensive pompholyx. 
Ormsby and Mitchell, Sabouraud, Whitfield and others found that the 
fungi could readily be recovered from the cutaneous lesion, and isolated 
by cultivation on appropriate media. 

II. Ringworm of the Genitocrttral Region. — Ringworm of the 
genitocrural region, or tinea cruris, or, better, epidermophytis inguinale, 
may begin as a flattened, pinkish or reddish papule, as on the trunk, or 



Fig, 24. — Kingwobm of the Hand. 

The lesion developed on the palm, and extended laterally. (Courtesy Dr, 
George M. MacKee.) ‘ 

it may first become apparent as a superficial, sharply circumscribed, 
intertriginous eczema. * Where the scrotum comes in contact with the 
thighs, the afT^<!ted areas may retain their moist, weeping characteristics 
for a long time, but as the disease extends laterally, and involves more 
extensive areas on the thighs, perineum, and even upward over the 
pubes, the patches are less inflammatory in type, except near the ad- 
vancing margins where more or less vesiculation generally is present. 
To those cases which are markedly inflammatory in type, the term 
“eczema marginatum” often is incorrectly applied. 

Occasionally, the infection may be interdigital, and involve either 
the toes or fingers. It is extremely probable, as Sabouraud says, that 
the Epidermidophyton inguinale is the usual, if not invariable, cause 
of these intertriginous eruptions. 

Dhobie itch (washerman’s itch) is an allied affection occurring^ in 
tropical countries and often complicated by furunculosis and infectious 
eczematoid dermatitis. Owing to the excessive heat and moisture, ^ and 
consequent scratching, the parts soon b^ecome raw and inflamed. Stitt, 
who made an exhaustive bacteriological' study of the disorder, concluded 
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that the condition was greatly aggravated by a symbiosis between the 
infecting fungus and a coccus, probably a staphylococcus. 

The affection is always worse during the heated season ; and partially 



yiG. 25 . — Ringworm of the Trunk. 

Note circinate lesions, with tendency to the formation of gyrate figures. (Cour- 
tesy Dr. George M. MacKee.) 

W completely disappears, even without treatment, during the winter. 

Diagnosis of the Ola^hrous Skin and Genitocrural Region . — Ringworm 
pf the glabrous skin is to be differentiated from psoriasis, pityriasis rosea 
and sebori'heic dermatitis. In psoriasis, the lesions exhibit a marked 
preference for the extensor siirfaces of the elbows and knees, develop 
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slowly, seldom become circinate, and when the superficial scales are 
forcibly removed, invariably show the characteristic ''bleeding points/' 
Pityriasis rosea usually begins as a "mother spot" on one of the 



Fig. 26. — Tinea Crueis (Ringworm of the Crotch), (Courtesy Dr. deorge M. 

MacKee.) 

lower abdominal quadrants, and the general* eruption, which ordinarily 
is confined to the trunk, develops rapidly. The lesions are oval in 
outline and very superficial. They develop quickly; and the scales 
are free from fungi. 
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In seborrlieic dermatitis, the lesions commonly appear first on the 
scalp. FroTi) tliis point, they extend downward, to the nose, and then 



Pig. 27 . — Ringworm op the Axilla, Giving Rise to a Typical Patch op *‘Eczbma- 
ToiD Ringworm, or ‘‘Parasitic Eczema. '' (Courtesy Dr. George M. 
MacKee.) 


the sternum, following the median line of the body. The lesions may 
be gyrate, but seldom possess the regular circinate outlines which 
are characteristic of many cases of tinea corporis. The scales are 
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unctuous and greasy; and vesiculation never occurs. In the axillary 
and inguinal regions^ the resemblance may be much closer, however, 
and sometimes it is necessary to resort to a microscopical examination 
in order to reach a positive conclusion. 

The crural cases must be differentiated from eczema, seborrheic der- 
matitis and erythrasma. 

Ringworm of the palms and soles may bear a striking resemblance 
to eczema and to pompholyx. 


f'l ■ ' 



Fjg. 28. — Ringworm ot the Scalp, Showing Kerjon. (Courtesy Dr. George M. 

MacKce, Medical Record.) 

Obstinate cases of intertriginous dermatitis of the extremities should 
always be subjected to a laboratory examination. If the eruption has 
been preceded by typical epidermidophytic crural lesions, the chances 
in favor of a fungous infection are very great; and careful search will 
almost invariably reveal the presence of the offending vegetable para- 
site. 

III. Ringworm op the Scalp. — Ringworm of the scalp, or tinea 
tonsurans, is practically always a disease of childhood, examples in 
adult life being extremely rare. It usually begins as a small, reddened, 
scaly spot, which develops insidiously, and exhibits little or no tendency 



Fig. 29. — Disseminated Ringworm of the Scai.p in a Litti.e Qirl. (Courtesy Dr, 
George M. MacKee, Medical Record.) 


more acute cases, vesiculation and pustulation may be present. On 
the perfectly bald areas, the follicles may be distended or slightly ele- 
vated, giving rise to a goose skin’^ appearance. The individual lesions 
are oval or rounded in outline and seldom attain a diameter of more 
than 10 or 15 cm., when they remain stationary. New ones are con- 
stantly developing, however; and when the hair is closely clipped from 
an infected scalp, a score or more of infected areas may frequently 
be discovered. The character of the scales varies with the degree of 
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infldbipation present. Generally, lliey- at:e l)ran-like, and loosely ad- 
herent. As a rule, they contain n^tnemM ftogi; and the disease fre- 
quently is disseminated by the common use. of combs and brushes. 

Clinically, several varieties of ringworm of the scalp are recognized. 
Hazen, who is as concise as he is scientific, describes the various types, 
as follows: 


'It 



Fig, 30. — tiARGE spoRED ErToTHRix Ringworm of the Scalp, with Kebion. 


(1) Gray-patch ringworm, caused by microsporons, usually the 
audouini, short incubation period (from two to five days). Begins as 
a small, rounded, erythematous patch, upon which there may be a few 
superficial vesicles. The acute inflammatory manifestations quickly 
sttfapde ; and the patch becomes covered with scanty^, fprfuraceous gray- 
ish’ scales. The hairs fall or break off just above the skin surface. 
" As a rule, the smaP-spored parasites cause large patches and the 
«^large-spored small patches. Coalescehee may occur and in rarp in- 
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stances^ almost the entire scalj»" in^ be involved. Associated lesions 
may develop on the adjacent glahrom skin. > 

(2) Disseminated ringworm, Occasionally due to microsporons, but 
usually to the Trichophyton craterifomie. Numerous small bald spots 
appear over the entire scalp, many of which contain groups of black- 
ened, broken hair stumps. The interlesional areas are usually covered , 
with grayish furfuraceous scales. 

(3) Black-lSot ringworm, due to infection with the Trichophyton^ 
acuminatum, and characterized by small, widely-disseminated patches}^ 
The affected areas are smooth and free from scales, but contain numerous, 
small, black comedo-like dots, the tips of broken-off hair shafts. 

(4) Bald ringworm, probably due to a resistant type of Trichophy- 
ton endothrix (Dubreuilh and Freche), and presenting numerous smooth, 
shiny patches resembling those due to alopecia areata. 

(5) Pustular ringworm is a conglomerate folliculitis due to pus- 
producing ectothrices, or to complicating pus cocci. It is characterized 
by the presence of one or more rounded, boggy, carbuncle-like tumors 
(kerion, or kerion celsi) which vary from 1 to 5 cm. in diameter, and * 
which, on disappearing, may give rise to permanent baldness. The sur- , 
face of these lesions is reddish or purplish ; and is marked by numerous * 
pin -head to pea-sized pustules, and gaping follicular orifices. The sub-^ 
cutaneous tissues also are involved, and often are completely honey-/,, 
combed with pus pockets, which discharge through the follicular open-* 
ings. The tumors are exceedingly sensitive and painful ; and the sup^,^ 
puration may give rise to a considerable degree of fever. Owing to 
the severity of the inflammatory process, the tissue reaction may be 
sufficient to overcome the infection, with ensuing spontaneous cure. 

Diagnosis . — As previously stated, the vast majority of cases of ring- 
worm of the scalp occur in childhood. The disorder is to be differentiated 
from alopecia areata, eczema, seborrheic dermatitis and favus. 

In alopecia areata, the lesions develop suddenly, the affected areas 
are absolutely devoid of hair; there is no associated sealiness, and 
fungi are to be found. 

Eczema of the scalp seldom, if ever, gives rise to baldness. The 
affected areas are intolerably itchy, and oozing and crusting are promi- 
nent features. Multiple lesions are the exception rather than the rule. 
The hair shafts are not loose or easily extracted. 

It is sometimes difficult to distinguish some cases of patchy sebor- 
rheic dermatitis of the scalp from early ringw^orm ; and recourse occa- 
sionally must be made to a microscopical examination of hairs and 
scales from the affected area. The material should first be treated on 
the glass slide with a fresh 10 per cent, aqueous solution of potassium 
hydroxid, for several minutes, when the ringworm fungi, if present, 
can readily be found, y 

Favus in this country is rare. The sulphur-yellow crusts, the mouse-* 
nest-like smell, the associate scalp atrophy, and the history will usually 
prove sufficient for recognition. In doubtful cases^ recourse should be 
had to laboratory ^ids. _ ‘ 
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IV. Ringworm of the Beard. — ^Ringworm of the beard, or Tinea 
trichophytina iarbce, may be divided into two clinical varieties, super- 
ficial and deep, according to the character of involvement. 

In the superficial variety, the lesions are usually circinate, and 
may resemble those occurring on glabrous skin, or on the scalp of 
very young ^children. The deep type may begin as a superficial infec- 
tion, or the deeper structures may be involved almost from the first. 
In both forms, the hairs become dry, lusterless and friable, and can 
readily be extracted, bringing the root sheaths away with them. Vesicu- 
lation and pustulation are uncommon, but in severe examples of the 
deep type, one or more areas of conglomerate folliculitis (kerion) may 
develop. These reddish, boggy, tumor masses, studded with numerous 
dead or broken hairs, or by gaping, follicular orifices, are very sore 
and tender, and ultimately break down and become fluctuant. The dis- 
ease develops slowly and is very sluggish in its course. The sites of 
predilection are the under surfaces of the jaws and the cervicomaxil- 
lary folds. 

Diagnosis . — The disorder is to be differentiated from sycosis, sebor- 
rheic dermatitis and eczema. True sycosis (staphylococcic perifollicu- 
litis) often develops on the upper lip, and follows a pustular infection 
of the nares. Single hairs are involved, and the characteristic lesion 
is a superficial, hair-pierced papule, or pustule. In doubtful cases, re- 
course should be had to a microscopic examination. In both seborrheic 
dermatitis and eczema, the inflammatory process is superficial, and the 
hairs never become loose or fall out. Fungi are of course absent. 

V, Ringworm of the Nails. — Tinea unguium, onychomycosis, or 
ringworm of the nails, is a fairly common clinical condition. The para- 
site gives rise to degenerative changes in the nail itself, as well as in 
the nail bed. One, or rarely, two or more finger-nails or toe-nails may 
be attacked. The appendages become dry, lusterless, brittle and fre- 
quently misshapen. They may be ridged, either transversely or longi- 
tudinally. The free margin is usually lifted out of place by subungual 
masses of horny cellular detritus. This corneous material contains 
numerous fungi. 

Pathology . — The causative organism in ringworm of the nails is usu- 
ally an endothrix, or an endo-ectothrix (neo-endothrix), not uncommonly 
the Trichophyton cerebri forme, although Sabouraud believes that the 
Trichophyton acuminatum, and the Trichophyton violaceum are not in- 
frequent offenders. The fungus can, as a rule, be readily recovered from 
the hypercornified masses beneath the distal margin of the affected 
nail. 

Diagnosis . — The condition must be differentiated from psoriasis, 
eczema and favus. In ringworm, as in favus, the disease is usually 
confined to one or two nails; while in psoriasis and eczema, as well as 
in various trophic disorders which might give rise to similar nail-bcd 
deformities, several digits generally are involved. 

Ringworm of the nails is usually secondary to ringworm infection 
on other parts of the body. These facts, together with the invariable 
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presence of the fungus in tinea unguium, should render the condition 
easy of recognition. 

Treatment. — In combating ringworm of the nonhairy surfaces, it 
was formerly thought that any of the milder antiseptics might be em- 
ployed with success. In recent years, however, and particularly since 
the return of our troops from the World War, we have been encountering 
a type of ringworm infection of the hands and feet which is extremely 
refractory to every kind of treatment. 



Fig. 31. — Ringworm of the Nails. 

Numerous mycelia aud spores recovered from scrapings. Great improvement fol- 
lowing the use of x-ray. (Courtesy Dr. George M. MacKee.) 


In the acute types it is best to incise the vesicles or pustules and 
swab out the cavities with 10 per cent, silver nitrate solution. Follow- 
ing this, cotton packs, moistened with a saturated aqueous solution of 
aluminum acetate, are to be applied until the skin becomes dry and 
wrinkled. The toes, if the inner surfaces are involved, should be sep- 
arated by pledgets of cotton. Kingery and his associates found that 
even weak solutions of thymol were the best parasiticides in infections 
of this kind. Solutions gave better results than ointments. Conse- 
quently, a 1 per cent, solution of thymol in alcohol (80 parts) and water 
(19 parts) may be frequently applied with benefit. 

In addition to the thymol, I have found an ointment which was first 
recommended to me by Schalek, and which consists of salicylic acid 
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(1 part)^ precipitated Bulphur (8 parts) and zinc paste — equal parts of 
zinc oxid, starch, and vaselin, thoroughly mixed (21 parts) — of very 
great value. It is applied at night for six or seven nights, then discon- 
tinued, to be followed by a simple zinc oxid ointment. During the day, 
Anderson's powder, which consists of camphor (4 parts), zinc stearate 
and starch (of each 48 parts), may be used. 

Whitfield’s ointment, which consists of salicylic acid (3 per cent.) 
and benzoic acid (5 per cent.), in lard or vaselin, often proves valuable. 
If the lesions are vesicular or pustular, and do not tend to coalesce, 
incision and drainage, with the application of tincture of iodin or of 
hexylresorcinol solution (S. T. 37), is often advisable. 

Soap and water are to be avoided. For cleansing the inflamed 
areas nothing is better than Pusey's lotion. It consists of powdered 
tragacanth (4 parts), phenol and oil of bergamot (of each 1 part), 
olive oil (100 parts) and water (394 parts). 

Great care should be exercised to prevent the spread of the disease 
by the use of common bath footboards, towels, socks, etc. Hudgins 
found acetyl-salicylic acid, three drams (or stronger) to the ounce of 
base, very effectual. He also employed acetyl-salicylic acid as a dust- 
ing powder for prophylaxis. 

In tinea cruris and in dhobie itch, recourse may be had to Whit- 
field’s ointment or to iodin preparations, interspersed with the use of 
calamin lotion and similar soothing applications for the relief of itching. 
In advanced eases, recourse must be had to more powerful remedies, 
such as chrysarobin — in ointment or in collodion or traumaticin — or 
even pure formalin. The latter may be painted on wt^ll once weekly and 
allowed to remain for five minutes. It is then washed off and calamin 
lotion or a dusting powder is applied. 

Ringworm of the nails is an extremely obstinate and persistent 
disorder. Ilazen recommends that as much of the nail as possible be 
removed and the matrix treated with a strong salicylic acid ointment. 
After the horny tissue is curetted away, iodin is to be frequently 
applied. In severe cases, it may be necessary to remove the entire nail. 

Dr. Fred Wise has found that ‘‘advanced and long-standing cases of 
nail ringworm infections are best treated radically, that is, by avulsion 
of the nail under novocain anesthesia, followed by dressings of mild 
ammoniated mercury ointment. In nail infections of short duration 
I have obtained a few cures with fractional doses of Roentgen rays, 
administering from six to eight one-quarter units, skin-distance doses 
at M^eekly intervals, and limiting the dosage to a total of two Holz- 
knecht units (skin distance) over a period of eight weeks. The routine 
treatment for the average chronic case consists of constantly applied 
Whitfield’s ointment, the finger-tips being capped with impermeable 
finger-stalls of adhesive plaster. These are renewed once a day. The 
skin about the nail must be protected with adhesive plaster or col- 
lodion to avoid maceration. Cures can be effected by this mode of 
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^ treatment, but the time required has varied in my experience from 
g three months to a year.” 

In the milder cases of ringworm of the beard, frequent epilation, 
or the constant use of a mild ammoniated mercury (5 per cent.) or yel- 
low oxid of mercury (10 per cent.) ointment will bring about a cure. 
The beard should be kept clipped, and as fast as the lesions become ap- 
jjarent, the diseased hairs should be extracted. Frequent washing with 
soap and soft water should be practiced ; and the entire bearded area 
should be sponged with alcohol once daily. In severe and long-standing 
cases of tinea barbae, the treatment is that of ringworm of the scalp. 
Recently, Strickler, Lavinder and others have employed vaccines with 
benefit in ringworm and favus of the scalp and beard. 

Ringworm of the scalp is one of the most resistant of all cutaneous 
disorders to treatment. The successful treatment of the condition is 
dependent upon the prevention of the development of new foci, and 
upon the eradication of the lesions already existing. 

In babies and in very young children, a weak ammoniated mercury 
or sulphur ointment should be applied two or three times daily; and 
the scalp cleansed three times weekly with dilute alcohol. In the older 
cases and in those instances where the disease has involved the deeper 
structures, the hairs must be removed before the antiseptics can reach 
the bottoms of the affected follicles. This may be done mechanically 
by means of epilating forceps, or with Unna's “rosin stick,” or better, 
by means of an epilating exposure to the x-ray. The marginal hairs, 
as well as those in the center of the patch, should be removed. The 
entire scalp should be kept in as aseptic a condition as possible. The 
hair should be closely clipped, and frequent washing vdth soap and 
soft water, followed by the daily application of a 1 to 2000 aqueous 
solution of mercuric chlorid should be practiced. 

Of the various parasiticides, ammoniated mercury is one of the 
best. lodin (in lard, or goose grease), chrysarobin, tar, resorcin, sul- 
phur and betanaphthol all have their advocates. As previously stated, 
in order to be effectual, the diseased hairs .should first be removed ; and 
for this purpose, nothing is so satisfactory, when properly employed, 
as the x-ray. It is very essential that the dosage be accurately gauged 
— if insufficient in amount, depilation will not result : if too long an ex- 
posure be made, permanent baldness will ensue. For this reason the 
scalp should be carefully mapped out (so as not to doubly expose any 
single area), and the agent applied in a systematic manner. One of 
the best of all methods is that employed by MacKee and Remer {Medical 
Record, New York, 1915, Ixxxviii, p. 217) : 

“The first step, for convenience, is to cut the hair close to the scalp. 
The next step is to divide* the scalp into four equal-sized, triangular- 
shaped areas in the following manner: A mark is made (with a skin 
pencil) about 2 inches inside the hair line above the forehead in the 
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median line (Figs. 32 and 34). This we will designate point A. A steel 
tape measure is then placed with zero on point A and stretched along 
the median line over the vertex to the neck. At 10 inches another 
mark is made (point B, Fig. 34). This will usually be about 2 inches 
inside of the hair line of the neck, but will vary somewhat in accord- 
ance with the size of the head. Points A and B should be adjusted 
so that they are about the same distances inside of the anterior and 
posterior hair lines. As a matter of fact, A and B, in some instances, 



Fig. 32. — X-RAY Treatment of Ringworm of the Scalp. (Courtesy Dr. George 
M. MacKee, Medical Record,) 

may fall exactly at the hair line; but this makes no difference so long 
as the distance between them is exactly 10 inches. Point C is then 
indicated by a mark in the middle line exactly halfway between points 
A and B (Figs. 33 and 34). On every skull there is a fiat surface just 
anterior to the occiput and point C will fall from 1 to 1^^ inches in 
front of the center of this area. As a matter of fact, it is a good idea 
to insist upon point C being exactly at this location and adjust A and B 
so that they will be just 5 inches anterior and posterior to C. Point D 
is then located just above and in front of the right external auditory 
meatus (Fig. 34). The exact position of this spot is found by measuring 
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5 inches from A, B and C. Point E represents the same location on 
the left side. It is essential that each point be exactly 5 inches from 
every other point, with the exception, obviously, of the distance be- 
tween points A and B, which should be 10 inches. 

‘‘The next step is to draw lines between the various points (Figs. 
32, 33 and 34). This will divide the scalp into four triangular-shaped 
equal areas. The reason for this will be made clear later. 



Fig. 33. — X-ray Treatment of Ringworm. (Courtesy Dr. George M. MacKee, 

Medical Record.) 

“Next, each point — A, B, C, D, and E — receives an epilating dose 
of rr-ray in the following manner : 

“For point A the child lies on its back on a table. The entire face 
below the hair line is protected by a lead mask. The tube is placed 
with the anode exactly over and 6^^ inches from point A (Fig. 32). It 
will be seen that the vertical rays will strike point A, while half of the 
oblique rays will fall upon the anterior portion of the scalp, and the 
remaining half will strike the protecting shield on the face and be 
wasted (Fig. 34). The measuring pastille is now placed on point A, 
and the epilating dose administered. 

“Points B, C, D and E are now to receive the epilating dose in 
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the same manner with the following exceptions : For point C the patient 
may recline on a table or sit upright on a chair. No protection is re- 
quired. Here the oblique rays spread over the anterior, posterior and 
lateral portions of the scalp (Pigs. 32 and 34). For point B, the child 
may lie on his side on the table or sit in a chair with his forehead rest- 
ing on the table. It is necessary to protect the neck, shoulders and 
back. Here half of the oblique rays will reach the posterior portion 
of the scalp, while the other half will spread over the shoulders and 



Pig. 34. — X-ray Treatment op Ringworm. (Courtesy Dr. George M. MacKee, Med- 
ical Record,) 

back (Figs. 32 and 33). For points D and E, the patient lies on his 
side on a table; and the ears, face and neck are protected (Figs. 33 
and 34) . Here, as in points A and B, half of the oblique rays are lost. 

‘‘It is of the utmost inii)ortance that each treatment be at right 
angles to every other treatment. For instance, an imaginary line drawn 
from the anode to point A will be at right angles to lines extending from 
the anode to points C, D, and E. Figs. 32, 33 and 34 will explain 
these angles better than words; and also, they will demonstrate that 
the lines drawn upon the scalp between the five points aid one in quickly 
determining the correct angle. 
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“A study of these illustrations will show also how the vertical rays 
strike the five points, while the oblique rays from one treatment overlap 
and reinforce similar rays from other treatments. For instance, if a 
full epilating dose be administered to point E and to no other portion 
of the scalp, the hair will fall out over only a very small area. 
But when similar doses are applied to points A, B and C, the oblique 
rays overlap and complete alopecia is the result (Fig. 37). In explana- 
tion, it may be stated that point E, being in the field of vertical rays, 
receives the full epilating dose ; while a point halfway between 
E and B receives one-half an epilating dose. But this point also re- 
ceives one-half an epilating dose when point B is treated. In this 
way, the entire scalp, when the five points have been treated, receives 
a full epilating dose. Scientifically, the well-known laws of intensity 
being in inverse proportion to the square of the distance and directly 
with the size of the angle of incidence, account for the equal distri- 
bution of the dose. This method of treating the entire scalp by five 
exposures was originated by Kienbock and is exceedingly accurate, as 
shown by Adamson, Pirie, Sequeira and others. 

*^For the purpose of determining the epilation dose, both the quality 
and quantity of ray must be estimated. There are numerous radiom- 
eters designed for the purpose of measuring the quantity, but we rely 
entirely upon either the Holzknecht or the Corbett radiometer. They 
both are modifications of the original Sabouraud-Noire method of utiliz- 
ing the change in color produced in platinocyanid of barium when 
under the influence of the x-ray. The Corbett radiometer, the most 
recent and most scientific quantity instrument, consists of a series of 
colored glass tablets, each piece of glass rej)re.senting the color assumed 
by the double-cyanid of barium after it has received varying amounts 
of exposure — in other words, they represent doses of ic-ray measured 
in Holzknecht units. The Sabouraud (barium) pastille is placed on the 
scalp and the ic-ray is applied until the pastille matches in color the 
particular glass tablet that corresi)onds to the epilating dose (5 H). 
The pastille and the tablet are compared in a black chamber under 
the influence of reflected artificial light. The colored glass tablets are 
standardized by the tintometer; and are both accurate and permanent. 
The Holzknecht instrument has a piece of celluloid, which, colorless 
at one end, gi*adually assumes color which becomes deeper as the other 
extremity is approached. One-half of a Sabouraud pastille is placed 
under the celluloid strip, the other half is placed on the scalp and 
exposed to the a;-ray. It is then compared with the half pastille under 
the celluloid and moved along the colored strip until the colors register. 
A scale of figures on the instrument allows a reading to be made in 
Holzknecht units. There are many technical details connected with 
the work that we cannot discuss here. Suffice it to say that in experi- 
enced hands this method of measuring the quantity is absolutely reliable. 

“In such delicate technical work it is, of course, advisable to utilize, 
especially in the beginning, as many safeguards as possible; therefore, 
it is advisable to work with a constant amperage voltage, and milli- 
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amperage, and a fixed parallel spark gap, a fixed distance, etc. In our 
technic, however, we are constantly changing these factors; and there- 
fore, disregard the indirect and depend entirely upon the direct methods 
of measurement of quantity. 

“Since the advent of the Holzknecht radiometer, we have had no 
difficulty in estimating the quantity of ray employed. We have, how- 
ever, had a great deal of trouble in measuring the quality; and this 



Fig. 35. — X-ray Treatment of Kingworm of the Scalp. 

Showing tube stand and shield fitted with wooden pegs for the purpose of holding 
the head steady. (Courtesy Dr. George M. MacKee, Medical Becord,) 

was entirely due to the impossibility of obtaining tubes that would 
maintain a constant vacuum during the treatment. Water and air- 
cooled tubes lessened the difficulty. The air-cooled hydrogen tube, also, 
has given good satisfaction. But the remarkable Coolidge tube has 
completely overcome all difficulties in this respect. This tube will main- 
tain a constant vacuum with light or heavy currents for long periods 
of time and may be used on one case after another throughout the 
entire day. For the direct estimation of quality, we utilize the Benoist 
penetrometer, aided by indirect instruments such as the Heinz-Bauer 
qualimeter, the milliamperemeter, etc. 
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"We emj)loy a ‘hard ray’; never less than No. 8 of the Benoist 
scale; and earnestly advise against the use of soft rays. The original 
epilating dose, as devised by Sabouraud and Noire (B 1 or H 5) was 
based upon the use of ‘hard rays,’ obtained by exciting a tube with 
a static machine. This fact has been generally overlooked and the 
use of ‘soft’ rays has been one of the causes of bad results in the past. 



Fia. 30. — King>vokm or the Scalp la Course or Treatment with X-eay. (Cour- 
tesy Dr. George M. MacKee, Medical Eecord.) 

place the pastille on the scalp as advised by Hampson and 
others, instead of halfway between the anode and the scalp. There is 
no doubt in our mind that both accuracy and safety are enhanced by 
placing the pastille on the scalp. At half distance, the slightest move- 
ment of the child will alter the relative positions of the head, pastille 
and anode; and this will cause a faulty estimation of the dose. With 
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the pastille placed on the scalp, it makes no difference if the head 
moves a little closer to or a little further from the tube during the 
exposure. Lateral motion, however, must be avoided in any case. Fur- 
thermore, the changes in color are less marked at ‘skin distance’ than 
at ‘half distance’; and these light brown shades are more easily esti- 
mated than are the deeper orange tints. The original dose of 5 H 
was estimated with the pastille at ‘half distance’; so that when the ‘skin 
distance’ is employed, the color change in the pastille will be four times 



Fia. 37. — Ringworm op the Scalp after Complete Depilation with the X-rays. 

(Courtesy Dr. George M. MacKee, Medical Record.) 

less than at ‘half distance.’ In other words, when the pastille is placed 
on the scalp, the dose must be multiplied by four. Therefore, the epilat- 
ing dose at ‘skin distance’ will be li/4 H. As a matter of fact, % H 
to 1 H will usually suffice ; and H is the maximum. If this is ex- 
ceeded, permanent alopecia is likely to result. The maximum dose will 
produce a complete depilation : but experience has shown that if most of 
the hair falls out the result will be perfectly satisfactory ; so that a dose 
of 1 H at ‘skin distance’ will usually suffice for all practical purposes. 
When employing the ‘skin distance,’ the distance between the scalp 
and anode of the tube is a matter of little moment so long as it is not 
too close and the same distance is employed for each of the five ex- 
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posures. A working distance of 6V^ inches has been found satisfac- 
tory. 

‘^The age of the patient makes no difference, if the head of the 
patient can be kept quiet during the exposures. For this purpose, a 
shield fitted with pegs made of soft wood may be used, as shown in 
Fig. 35. The pegs must be made of very soft wood, so as not to act 
as a filter to the ray; and should be of a length that will fix the anode 
at the proper distance from the scalp.” 



Fig. 38. — Disseminated Ringworm. 


After tlie treatment of a single patch with the x-ray the hair fell out over the 
entire scalp. The hair has not been clipped. (Courtesy Dr. George M. MacKee, 
Medical Hecord.) 

On the Continent, in Great Britain and in Cuba, Buschke, Klein- 
mann, Bornstein, Davies, Pardo, Castello and others have employed 
thallium acetate for the removal of the diseased hairs. Taken in- 
ternally in a single dose, not to exceed 9 mg. per kilogram of body 
weight, regardless of the age of the child, it causes the hair to loosen 
and fall out in from 6 to 14 days. If epilation is not complete, the 
medicine must not be taken again for at least two months. Buschke 
and Pierson believe that the epilating action of thallium is due to its 
effect on the endocrine system as well as on the sympathetic nervous 
system. 

With our present knowledge, or lack of knowledge, respecting the 
action of this very powerful drug, I do not consider its use justifiable in 
so benign a disease as ringworm of the scalp. Instances of fatal poison- 
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have repeatedly followed its use, and the method is mentioned hei% 
to condemn it. 

, ^ Ihrognosis. — Ringworm of the general glabrous skin responds 
promptly to treatment. In the palmar and plantar regions, it is more 
resistant: but with proper medication, a cure may safely be promised 
in a few weeks. Tinea cruris likewise is somewhat stubborn and re- 
sistant to ordinary therapeutic measures. 

Ringworm of the scalp has long been considered one of the most 
refractory of all cutaneous disorders ; particularly, w^hen the disease is 
of long standing, and extensive areas are involved. Since the advent 
of roentgenotherapy, however, the condition is much more amenable to 
treatment; and in the majority of instances, a cure may safely be i^rorn- 
ised in from three to ten months. In the markedly inflammatory (keri- 
onic) types, the outlook for early recovery is better than in the sub- 
acute forms; owing to the fact that the cutaneous reaction is so severe 
that it aids in the destruction of the olfending organisms. 

In early childhood, the process is usually superficial ; and early 
improvement may safely be expected. 

Ringworm of the beard is less obstinate than that of the scalp, largely 
owing to tlie more severe inflammatory reaction set up by the fungi 
in this locality, but, even in favorable instances, several weeks of treat- 
ment generally are required to bring about a cure. 
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By Bailey K. Ashford, M.D. 
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Definition. — Sprue is a chronic, wasting disease, generally native to 
tropical countries, characterized by an excoriated and sore tongue, ex- 
cessive intestinal fermentation, and light-colored and frothy stools. It 
is usually based on exhaustion processes, especially of the digestive 
glandular apparatus, due to nutritional unbalance, low in the complete 
protein molecule and high in carbohydrates and fats, and is accompanied 
by colonization in the intestinal canal of Monilia psilosis Ashford, 1914, 
believed by the author and others to be the active causal agent. 

Sjrnonyms. — The root-word, ‘‘sproiiwe,^’ is Teutonic but this Avas 
variously spelled, and employed from ancient times in Holland and Scot- 
land to denote thrush, in which the mouth was covered as if wdth mealy 
chaflP, or *‘spreu.” Manson anglicized this to ‘‘sprue” in order to dis- 
tinguish vividly by an unusual folk name a prevalent and fatal disease 
of the tropics, then almost universally confused with banal dysenteries 
and diarrheas. 

There are fully fifty synonyms, including misnomers such as scor- 
butic diarrhea and chronic dysentery, but a few of the outstanding ones 
still employed will be mentioned. 

Indische Spruw, by the Dutch; Psilosis, by the British; Aphthae 
Tropicae and Tropische Moniliasis, by the Germans; Diarrhce or Entero- 
coUie des pays chauds, and Diarrhee chronique de Cochinchine, by the 
French; Escorhnto Tropical (tropical scurvy), Tisis intestinal (intes- 
tinal phthisis) by the Spanish-speaking population of the West Indies. 

Etiology* — Climate. — ^While sprue is really a disease of warm 
climated, it is not climate neces.sarily that makes it so, as there are many 
tropical lands, such as Brazil, and tropical regions surrounded by endemic 
zones that seem completely free from it. On the other hand, it exists^ in 
parts of our Southern States and in Korea, in certain sections of which 
|t appears to be a scourge; indeed, sporadic cases develop from time to 
time in frankly temperate and northern climates. Nevertheless, hot 
weather seems to favor its development, especially a monatoiiously wann, 
although not strictly high temperature. A sudden change to the chilly 
heights of tropical hills in countries where it is endemic often precipi- 
tates a bout of sprue. There seems to he no seasonal variation in sprue. 

• (All numerical statements when not otherwise specified refer to the author’s own 
aeries of now over three thousand cases investigated.) 
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Residence. — One of the most fallacious statements in the literature 
is to the effect that only persons from northern climates acquire sprue 
in the tropics and then only after a long residence therein. It is cer- 
tainly true that such people are much more prone to suffer from the 
disease and more severely, and that the longer their residence the higher 
the incidence among them, but an astounding number develop sprue after 
only a very short stay in endemic zones, even after a short first visit to 
the tropics. The old belief in immunity of persons native to the soil 
seems justifiable only when we have a pure race of those who are 
notoriously immune, such as the negro and the oriental, but for races 
mixed with the white the conclusion would seem to rest on the un- 
familiarity of the observer with the native languages and the lack of 
opportunity to observe their illnesses. 

What is worth while considering is the development of true sprue on 
return to their northern homes in persons who had previously resided a 
longer or shorter time in the tropics and who had enjoyed apparent 
health while there, as well as the sudden appearance of sprue in white 
or mestizo adults native to the soil who have led an active and often long 
life in seeming good health in endemic zones. 

Age. — ^About three-fourths of the writer’s patients were between 20 
and 60 years of age, and of these two-thirds were between 20 and 40. 
Children, however, are much more frequently affected than has been 
previously supposed ; one-tenth of the 619 cases of the 1921 series were 
under ten years of age, 4 being under one year. 

Sex. — Of 1452 cases (series 1920 to 1922), 59 per cent were females. 

Race. — Of 211 cases (series 1915 to 1917) there were 174 whites, 21 
mulattoes and no negroes. While true sprue has since been seen oc- 
casionally in the negro, this ratio has about been sustained in all subse- 
quent series. Sprue is quite rare in the full-blooded negro, and plainly 
discriminates against the white race in the tropics, particularly in per- 
sons whose stock came more recently from the North. 

Family and Individital Predisposition. — There are families locally 
known in the community life of Porto Rico as being peculiarly predis- 
posed to sprue, but it is believed to be due to traditionally improper food 
habits extending over generations. As a complement of this, individual 
susceptibility is seen among those who are naturally of a weak constitu- 
tion or who have suffered some serious disease affecting nutrition during 
childhood, particularly enterocolites of infancy. 

Endemicity. — Sprue is a distinctly urban disease, at least in the 
Antilles. In an expedition of the Institute of Tropical Medicine to the 
mountains of Porto Rico in which the writer took part in 1913, of 10,140 
chiefly rural patients seen in three months and suffering from a great 
variety of affections, mainly uncinariasis, only 11 cases of true sprue 
and 19 suspicious ones were found. Our field hospital was then draw- 
ing from an area containing approximately 30,000 souls. This should 
be contrasted with the writer’s consulting practice in San Juan where of 
about 1,500 patients a year, 150 were cases of sprue, the overwhelming 
majority from, towns and mainly from San Juan itself, a city of only 
100,000. But sprue has been becoming more and more prevalent in the 
country districts since good roads, the automobile and employment in 
the towns have routed the people out of their rural isolation and con- 
verted the entire island into a series of suburbs. 

Social Conditions and Habits. — S prue is preeminently a disease of 
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the well-to-do, of the intellectuals, of those who can choose their food. 
While it does not always pass by the poor man, it is by no means a poor 
man^s disease. It is, above all, frequent among those v/hose life is a 
sedentary one, and those who have to work hard to keep up an appear-* 
ance of affluence ; among those whose introspective and imaginative life, 
with its maze of behavioristic tradition, its prejudices and its self-im- 
posed artificiality, clashes with reality and is continually inhibiting the 
function of normal digestion. It is also a deadly enemy of those who 
drift to the Tropics from northern latitudes and who “cannot eat the 
native food,’’ but gorge themselves on canned goods, cereals and sweets. 
Of 179 cases in the series 1915-1917, 16 were wealthy, 134 were able 
to select their food, and 29 were poor. 

Besides lack of healthful exercise in sun and air, or its excess which 
is fully as bad, there is the special factor of insufficient rest. People 
often work harder in the Tropics than in the North, and certainly for 
longer hours, and among the reasons therefor is the lack of intelligent 
initiative on the part of those who are supposed to do the drudgery. 
The charm of the Tropics also lies in her nights ; hence, late hours and 
lack of rest wear away a bit more of man’s resistance to this disease. 

Insufficiency in Vital Pood Elements. — This is the great under- 
lying factor in most cases of sprue. While the luxuriant vegetation of 
the Tropics would seem to assure an abundance of vitamin-charged foods, 
the truth is that most people reside in the Tropics because these countries 
furnish the highest-priced agricultural crops, tobacco, sugar, citrous fruit, 
cocoa, coffee, tea, vanilla, spices and other luxuries. The natural ten- 
dency, therefore, is to neglect garden products, which if sown or allowed 
to grow are rarely cultivated or even relished. But in most sprue-ridden 
countries there is really “protein starvation,” i.e., there is an insuf- 
ficiency of the complete protein molecule with which to replace worn-out 
body protein, and we therefore have before us the picture of a hot fire 
under an unattended, unrepaired machine. For example, the average 
consumption of meat in Porto Rico per individual is 9 pounds a year, 
as against 180 pounds in the United States; of milk, one ounce a day. 
The markets are almost empty of succulent vegetables, and such as these 
are, they are wild, fibrous and uncultivated. This lack of dairy products 
and fresh leafy and succulent vegetables also brings a certain degree of 
insufficiency in A-substance and calcium. 

Strangely enough, however, although it is no longer so true as it 
used to be, it has been in times past the poor country dweller of all 
people in Porto Rico who, though suffering from the nutritional syn- 
drome of this unbalance, rarely contracted sprue. Not only was he so 
poor as to be unable to buy sweets, bread and all of the grease he 
wanted, or go into the carbohydrate excesses attained by his more un- 
fortunate urban brother of the sedentary and well-to-do class, but he 
rarely left his mountain home and remained isolated from urban life. 
Moreover, he was spared the debilitating heat of the coast and the over- 
crowding of towns, and, such as they were, he obtained more fresh vege- 
tables and fruits. But he is no longer isolated ; his contact with the town 
is constant. While just as poor or poorer, he spends what he has on 
more carbohydrates and fats than before, and the intense cultivation of 
sugar and tobacco has swallowed up the banana patch, the garden patch, 
the few cattle he used to have, and the shade of the coffee plantation. 
Moreover, he is now in contact with the carriers of and sufferers from 
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Monilia psilosis, raised by passage through human beings from the state 
of a mere saprophyte to that of a pathogen. The excess of sweets, 
cereals and grease produces acid fermentation, and an ideal medium is 
thus afforded Monilia psilosis which by contact in overcrowded centers of 
population is passed from one to another until it adapts itself to a 
parasitic life on man. 

GlanduijAB Incompetence. — There is functional insufficiency not 
only of digestive glands but of the glands of internal secretion. We need 
not look to pathologists to demonstrate lesions in these organs for they 
usually will not be found ; it is rather a functional lack. The presump- 
tive evidence of adrenal insufiSeiency is strong, as seen in the dusky, 
muddy hue and atrophic condition of the skin, the symmetrical areas of 
pigmentation, the asthenia, emaciation, low blood pressure, etc. Altera- 
tion of ovarian function is often seen in scanty or suppressed menstrua- 
tion. Parathyroid insufficiency may in part account for tetany, so often 
noted. 

Concerning the participation of the digestive glands there seems to 
be no reasonable doubt. The liver is notably reduced in size, there is an 
intermittent reduction in pancreatic output, there is often achylia, and 
the entire glandular apparatus of the intestine frequently is seen to have 
suffered an atrophic change. Not only the glandular system but its 
shadow, the hemopoietic organs, as well as its controlling mechanism, the 
sympathetic nervous system, to which it is so intimately bound, are also 
involved, the latter two at times profoundly. Sprue is at bottom an 
exhaustion process. 

The evidence of these conditions is seen in the effect of i)hysiologic 
strain, such as rage or fear, overwork, intemperance in eating and 
drinking, too-frequent pregnancies and too-long-continued lactation, even 
a normal menstrual period, all of which may precipitate a bout of sprue. 
Not only the strain of life, but also long continued illness from whatso- 
ever cause, even a weakly constitution in nervous, undersized individuals, 
is often the opening wedge to sprue. 

We must keep in mind, however, the fact that sprue does not neces- 
sarily require these factors; it often develops very suddenly in persons 
who are apparently healthy and robust. 

The real and practical point in considering glandular insufficiency as 
a predisposing factor in sprue can be concentrated in what we know 
scientifically of this condition as it affects digestion and digestive glands 
prior to the disease, a condition which in turn is exalted when sprue be- 
comes established. Trevor Heaton believes that “hill diarrhea” is 
merely an expression of this glandular insufficiency, and from his de- 
scription and that of Cunningham of “famine diarrhea” the writer is 
convinced that this is the most frequent preliminary condition to down- 
right sprue. That an illy balanced ration is often the direct cause of 
this state is apparent merely from McCarrison’s experimental work on 
animals in India. 

Such a condition as glandular insufficiency can be recognized the 
world over but it is not sprue. Undoubtedly many who have not become 
familiar with tropical sprue where it is endemic have confused this syn- 
drome with the disease in question, as may have happened with dis- 
tinguished investigators who have gone to the Tropics for the first time 
to unravel this problem in a period of months in the laboratory. In- 
deed, probably a reversal to this syndrome, after the causative organism 
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of sprue has been eliminated and only a state of cachexia with per- 
manently atrophied digestive glands remains, has caused others in north- 
ern hospitals to deny the relation of Monilia psilosis to the disease. 

Monilia psilosis Ashford, 1914. — Monilia albicans Robin, 1853, repre- 
sents a plurality of species, one of which, indistinguishable in laboratory 



1. — Young culture, Moniha paUosia; Mycelium, blastosporcs and budding yeasta. 

SO far from Monilia psilosis, altliough the latter may prove to be a 
variant therefrom, is a cause of thrush. It is really not a Monilia but 
Candida Berkhout, 1923. Hence the myeologic diagnosis of Monilia 
albicans proposed is: Candida albicans (Robin) Berkhout, 1923, emend. 
Ashford, 1930. The species Monilia albicans was not clearly delimited 
when first named and the terminology was altered for the genus with 
good reason by Berkhout in 1923. Many of Castellani’s species of 
Monilia f so often confused with Monilia psilosis, were given specific rank 
practically alone on sugar fermentations, later shown not to be im- 
mutable. For a full description of Monilia psilosis, reference is made 
to the bibliography (3d, 4th, 5th, 6th, 11th, 12th and 13th references, 
Ashford). Awaiting a decision on the change of terminology proposed, 
the designation Monilia psilosis will be used in this text. 

In the course of time it is believed that this variety of the thrush 
fungus will be found to produce clinical pictures of the most varied 
nature, still considered today separate and distinct diseases, such as 
sprue, certain bronchomoniliases, tonsillites, and even some onychomy- 
coses and epidermomycoses. It has been found in the body of man in 
all of these conditions and considered the causal agent thereof, some- 
times by one specific name, again by another. In sprue Monilia psilosis 
has been found by the writer in the circulating blood, and in the bone 
marrow of a pernicious type of anemia complicating sprue. 

Outside the body it is a common saprophyte. To demonstrate how 
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abundant a source of contamination exists, it (or an organism so far in- 
distinguishable therefrom) is found in Nature on fruits (Ashford), in 
bread for sale in Porto Rico and the yeast used in making the same 
(Ashford), at times in yeast preparations available to tens of thousands 
in the United States 'who seek to increase their vitamins (Ashford 
in Porto Rico in 1925 and recently again in a well known New York 
research laboratory). It is constantly found in transit through the in- 
testinal canal of both human beings and animals, bvf it is only when 
if is afforded a propitious medivm in the gasfro-intestinal tract and has 
been adapted by passage to parasite man that it colonizes and prodxices 
sprite. As Castellani intimates, but with a dilferent object in view, the 
common organisms of pus are everywhere ; it is only when they effect an 
invasion of man that they give rise to disease. The same may be said of 
tuberculosis, as far as that is concerned, but most emphatically for all dis- 
eases produced by practically any fungus, notably Actinomyces. Thus is 
brought out vividly the important distinction between bacteriology and 
mycology : In the latter, it is the terrain as a rule, not the causal agent, 
that is of prime importance. 

The Communicability of Sprue. — Once adapted for parasiting man, 
the possibility of communicating sprue must be admitted, but this occurs 
as a rule only if the intestinal canal of the recipient is in a state favor- 
able to its colonization, i.e.y acid and sweet. It seems to have a marked 
tendency to spread in families. This may be due in part to family 
habits of eating, but it is notable that many children of parents who have 
died of sprue have developed the disease many years afterward while 
living under totally different climatic and food conditions, and infants 
and young children fed on preserved milk whose mothers were suffering 
from sprue have contracted severe forms of the disease. French naval 
surgeons on sick-transports of the slow-going type of 1860, which were 
repatriating large numbers of soldiers from Indo-China, one-fourth of 
whom were seriously ill from sprue, reported a large number of instances 
of contamination of the officers and crew by a disease which from its 
clear description leaves no reasonable doubt in the reader’s mind as to 
the diagnosis. The communicability of sprue mui^t occur through con- 
tact infection ; water cannot be considered a vehicle. 

Symptomatology. — Clinical History. — As in tuberculosis, the period 
of latency may be a few days or the best part of a lifetime, and, as in 
that disease, the symptoms of that period may be merely a long history 
of failing health and nutrition. Usually there is a period of months or 
years of ^‘chronic indigestion,” the chief manifestation of what has been 
heretofore termed ‘‘nutritional unbalance.” 

The Syndrome of Nutritional Unbalance Preceding Sprue (Analysis 
of 286 cases). — The leading features in this condition, in order of their 
importance, are (1) loss of weight, color and strength; (2) psychic 
depression and nervous irritability^; (3) disordered digestion with gas- 
tric dyspepsia, excess of intestinal gas and constipation with occasional 
loose bowels. 

In one-third of the cases the tongue was abnormally sensitive to 
mild irritants, such as pickles, pepper or smoking tobacco ; but there were 
rarely any lesions to speak of and these, when they occurred, were limited 
to small aphthae of the buccal cavity or slight excoriation of the tip and 
edges of the tongue. In 86 per cent of these cases there was a definite 
eomplaint of what the patient described as an acid gastric dyspepsia in 
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which a hyperchlorhydria could be frequently verified. In three-fourths 
of the eases there was an annoying and persistent 'constipation generally 
broken by short periods of “loose bowels’^ or even a yellow diarrhea. 
In nearly nine-tenths of the cases there was a pronounced excess of in- 
testinal gas, frequently punctuated by fleeting gas pains. Loss of 
appetite was noted in two-thirds of the cases, and ephemeral nausea in 
nearly half, occasional vomiting in one-fifth. In the majority of cases 
there was a steady reduction in the size of the liver. 

In nearly all of these patients there was an indefinable “nervous- 
ness” or nervous irritability, with psychic depression and a tendency to 
forget the near-by details of life. Day by day patients are mindful of 
an increasing asthenia with vague pains in the body, muscle tire, and 
palpitation and irregularity of the heart. There is a concomitant fall 
in blood pressure. 

In over half the series there was a history of slight numbness of the 
hands and feet which were cold and tended “to go to sleep.” In half 
of the cases there were cramps in the legs, generally produced on stretch- 
ing in bed at night or walking on cold cement or tile floors, and in a 
little over half the series complaint of insomnia was made. 

These people are apt to be sallow and listless and to show faint but 
symmetrical brownish stains on forehead, malar prominences, sides of 
neck and, at times, around the lips (Pig. 2). These pigmentations were 
observed in one-half of the series. Reduction in genital vigor in males 
and menstrual irregularities in females are prominent. The average 
hemoglobin was 69.1 per cent; the average loss of weight 16.2 pounds. 
It is notable that in most of these cases there is a decided polycythemia; 
counts of six million per cubic millimeter and more are by no means, 
unusual. Whether this is due to decreased blood volume or a mild 
toxic stimulation of bone marrow is not known, but the evident hemo- 
globinemia is outstanding. 

It is upon this condition, so extremely common in these American 
tropics, and very familiar to temperate and cold climates, that sprue is 
generally based — not always, however, as will be seen later. In this 
connection let it be said that a very similar picture is seen to precede 
and accompany uncinariasis in Porto Rico, not to speak of a number of 
other slow'-going chronic affections. It is not necessary to dilate upon 
what everyone can see, i.e., that the characteristic picture, not only of 
mild sprue but of uncinariasis, has heretofore been confused with this 
great syndrome which the laity from time immemorial has summed up 
in such expressions as a “run-down condition,” “neurasthenia,” 
“effect of tropical climate,” etc. 

When upon this syndrome Monilia psUosis or hookworm is laid, each 
paints its familiar clinical picture. Without this syndrome a very 
pathogenic strain of the fungus or a large number of hookworms is apt 
to be necessary to paint much of anything. 

. There are two modes of invasion : one, that just recounted, in which 
little by little the tongue becomes sore, the burning in the stomach and 
gullet becomes marked, and constipation is replaced by longer and longw 
periods of a yellowish, fetid, frothy diarrhea with rapid loss of wei^l; 
the other, acute in residents of the tropics, especially children and new* 
comers after a few days' sojourn in endemic zones, which presupposes 
one or all of three conditions — ^a high virulence of Monilia psUosiSy a 
lack of immunity thereto, or a sudden failure of digestion due to ovqr- 
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exertion, excesses in eating and drinking, and overstimulation. In this 
case, sprue may begin on a definite day as a sudden, acute indigestion 
which may even simulate dysentery and be accompanied by vomiting, 
after which the typical picture may develop, generally after a brief 
interval of apparent betterment. 

In the first case, the change that takes place is heralded by symptoms 
of what the Spanish-speaking people best sum up in the word “irri- 
tacion,” or burning or uncomfortable heat revealed in tongue, bowels, 
rectum and even vagina. Constipation becomes more and more fre- 
quently interrupted by diarrhea, which may follow a strong emotion or 
dietary indiscretion. Matinal diarrhea with an imperative call to stool 
in the early hours of the morning, supposed by the French to be due to 
reflex stimulation of the defecatory muscles by the chilling of the skin 
of the abdomen at or just before dawn, has been cited in most works as 
a characteristic phenomenon in sprue. It is said that there is apt 
to be relative freedom from these outbursts of diarrhea by day, but a 
careful analysis of the writer’s cases has made it evident that this is far 
from what usually takes place; diarrhea generally occurs throughout 
the day at very irregular intervals and the movements are not so fre- 
quently large as is supposed. 

At most irregular intervals, a sudden apparition of small vesicles on 
the tip and edges of the tongue takes place which may extend over 
the anterior third of the organ and cause intense discomfort on taking 
stimulating food. The tongue is red, and its inflamed papillae give it 
the well known strawberry appearance (Fig. 2). Aphthae may attack 
the buccal mucous membrane and frenum, even extending to fauces, 
palate and pharynx. 

But the disease may be apparently confined to the tongue or the 
intestine, as the case may be, and such form instances of what has been 
termed “incomplete sprue,” “tongue sprue,” “intestinal sprue.” 

The Developed Disease . — The patient is now no longer merely out-of- 
sorts, but clearly sick. The course of the disease is marked by a series 
of buccal or intestinal exacerbations, each worse than the preceding one, 
until the extraordinarily obstinate cachexia is reached which is re- 
sponsible for the gloomy prognosis of early authors. During an in- 
testinal exacerbation the stools become very light in color and foamy, 
and of a sickening, sour-sweetish, pungent odor. Abdominal pain is 
slight and fleeting, or absent. These movements are not necessarily very 
frequent, but apart from the relief which the expulsion of so much 
gas produces, they leave the patient extremely exhausted. There is usu- 
ally neither tenesmus, blood nor visible mucus. Distention from gas, 
mostly colonic, is often quite distressing and may produce tachycardia, 
cardiac irregularity and even syncope. 

The exanthem of the tongue is now no longer limited to tip and 
edges ; it spreads over the visible surface of the organ and gives it the 
appearance of raw beef. Salivation which has always been noticeable is 
now often marked, and any food, the swallowing of saliva itself, and 
even talking cause much suffering. Quite frequently, this saliva is 
thick and diflSeult to dislodge and impels constant painful deglutition. 
When the esophagus is thus affected, the unfortunate patient’s cup is full. 

All of a sudden, without apparent reason, these lingual symptoms 
begin to recede and then begins a recrudescence of the diarrhea which 
from its acrid nature sets up burning of the excoriated rectum and anus. 
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Indeed, the invasion of the vagina by continuity is not uncommon and a 
severe vaginitis may be set up from which Monilm psilosis usually may 
be cultivated. During the intervals of relative quiescence of the tongue, 
the mouth is apt to be hot and dry, and the saliva very thick. There is 
reason to believe that sudden changes in the pii of saliva and intestinal 



Fig. 2. — Typical strawberry type of tongue seen in early sprue. Use hand lens. 
Note brownish streak of pigmentation over upper lip. Patient is a female and white. 

secretions will explain these very striking exacerbations and their subse- 
quent rapid regression. 

During this time, the heaviness and burning in the epigastrium is 
unremitting. While inconstant, nausea and vomiting are much more 
common than is usually recognized. Of 193 severe and cachectic grades 
of the disease, nausea occurred in 60 per cent and vomiting in 45 per 
cent of the series ; in 5.7 per cent this vomiting was frequent. 

In 78 per cent of those cases the appetite was said to be diminished ; 
in 24 per cent of the series complete anorexia existed. In many, how- 
ever, this loss of appetite really does not exist, for at bottom the patient 
does not eat for fear of consequences and a self-imposed abstention re- 
sults. Little by little the sick man sacrifices his favorite dishes and his 
cigarette, and craves bland, pultaceons foods which from the nature of 
things are precisely what he should not eat: starches, sugars and fats. 

As for Ihe rest of the picture, it can be summed up in one phrase : 
accentuation of that drawn for the preceding syndrome of nutritional 
unbalance. The symptoms relative to the nervous system are vastly 
augmented, particularly the mental depression with nervous instability 
and loss of will power, but at no time is the mind affected. Tetanoid 
contraction of the muscles of the leg and forearm, felt in fingers and 
toes, is greatly increased. 

Pallor is much more marked, as is a secondary type of anemia with 
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relative l3niiphocytosis. This pallor is dirty yellow or grayish* 
Emaciation now becomes very marked; in the series referred to, the 
average loss of weight was over 27 pounds. The blood pressure falls to 
around 100 mm. of mercurj'' systolic and 50 diastolic and the asthenia 
deepens to an extent comprehended only by those who have seen the 
disease at close range. 

The Cachexia of Sprue , — The patient in this stage is usually bed- 
ridden although the active mind may compel the frail body to drag 
itself about in spite of its exhausted state. The emaciation of sprue 
cachexia quite rivals that of any disease, not even excepting cancer, and 



Fio. 3. — A, pliotograph of patient June 3, 1929. B, same August 13, 1930. 
This patient, nine years of age, consulted the writer, June 3, 1929, in the cachexia 
of sprue with a pernicious type of anemia; weight 36 pounds; hemoglobin 45 per 
cent ; erythrocytes 1,620,000, She was photographed, placed on the diet and 
medicinal treatment recommended in the text, and given three vials of dry liver ex- 
tract a day. In a week she was free of symptoms (sore tongue, bloating, and diar- 
rhea) and had responded with a reticulocytosis of 16.3 per cent. On June 24th, 
1929, she was apparently well; her hemoglobin was 77 per cent, her erythrocytes 
3,200,000, and the average diameter of 100 red cells was 8.8 microns. 

On the 13th of August, 1930, she returned weighing 87 pounds, with 85 per 
cent hemoglobin, 5,952,000 erythrocytes, and an average diameter of 7.37 microns in 
100 red cells. 

As she said that she looked about as she did in the second photograph as far 
back as December of 1929, this change in her appearance .could not have taken over 
fdx months. 
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not only the clothing but the dry, atrophic, irregularly pigmented skin 
hangs as if upon a skeleton. The writer has frequently received patients 
whose loss of weight reached 50, 80 and at times 100 pounds. A loss 
of nearly if not quite half the patient’s normal weight is by no means 
uncommon. 

All symptoms heretofore detailed, with few exceptions, are accentuated 
to their highest expression. The tongue is small, tough like cartilage, 
and perfectly smooth and glistening, or entirely raw, depending upon 
the presence or absence of an exacerbation. All filiform papillae are 
apt to have disappeared. The appetite, however, is often ravenous and 
unreasonable. George Thin’s discovery of the strawberry treatment 
was due to the sly disobedience of his patient who after months of a 
monotonous and orthodox milk diet bribed a confederate maid to hide 
quantities of fresh strawberries under the bed. 

Now diarrhea has become constant and is apt to be lienterie, pro- 
claiming the all but total failure of digestion. It is chiefly in the 
cachectic stage of sprue that a pernicious type of anemia occurs, a fate 
which awaits over half of these cases. 

A terminal pneumonia or a choleriform diarrhea may suddenly 
carry off the weakened victim, but usually vital functions gradually fade 
and death occurs from exhaustion, the patient preserving his conscious- 
ness practically to the very end. 

Physical I^ndinqs. — Aside from descriptions inseparable from the 
clinical history just given, may be mentioned the frequent presence of 
slight subcutaneous hemorrhages, even before cachexia occurs, appear- 
ing as bruises w'ithout any recollection of injury on the part of the 
mystified patient. Later, during the cachexia, peteehiae and extensive 
purpura, as well as bleeding gums (hence the term ^‘scorbutic diar- 
rhea”), may appear. 

On palpation of the abdomen, one is at first struck by the loss of 
elasticity of the skin, which when grasped between thumb and fore- 
finger and given a half-turn, retains the shape given it by compression 
quite a few seconds before returning to its normal condition. In a good 
proportion of cases the liver can be palpated only with difiBculty, the 
spleen not at all, but ptosis of stomach and intestines is very frequent 
in the advanced grades of the disease and a displaced kidney not un- 
usual. The muscular atrophy of the abdominal wall greatly aids ac- 
curacy in palpation. 

The skin in general is apt to be dry and rough, although no pel- 
lagrous eruption is seen. No enlargement of glands can be noted in un- 
complicated cases. The pulse is generally rapid and weak but some- 
times very slow. The heart, often unduly small, is feeble, and the lungs 
yield no abnormal signs. Rectal examination often reveals hemorrhoids 
or excoriation from the acrid flux. The deep reflexes as a rule are 
diminished. 

Laboratory Findings. — (a) The Cytology of the Blood . — About half 
the cases which have reached severe grades of the disease show a mild 
anemia with from 60 to 100 per cent hemoglobin, but as cachexia deep- 
ens many of these are apt to follow the other half into either a severe 
secondary or a true pernicious type of anemia. Of 54 severe and 
cachectic cases, the average hemoglobin was 52.4 per cent ; the extremes 
were 20 and 95 per cent. The average red cell count was 2,459,044 per 
mil; the extremes were 5,080,000 and 440,000. Half the cases were 
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clearly those of secondary anemia, the rest primary. With but one ex- 
ception, normoblasts, and especially megaloblasts, were rare and were 
seen in only 22 per cent of the cases. There were generally one and 
never more than six per hundred leukocytes, but in the excepted case 
there were 144. Poikilocytosis, anisocytosis and polychromatophilia 
were frequent. There is no typical leukocytosis in sprue, rather a ten- 
dency toward leukopenia, but in a number of cases a marked rela- 
tive lymphocytosis existed. 

Excessive reticulocytosis was found a number of times in patients 
who had just begun a diet high in meat, but this was before Minot’s 
classical work in pernicious anemia and was not understood. The 
writer began to stain for reticulocytes in sprue anemia in 1924 on the 
advice of Dr. N. Rosenthal, who insisted upon the importance of a study 
of these cells. Toward the end of the first experiments on liver ex- 
tract, the writer received sufficient of this product for a study of 
16 cases of anemias in sprue. Fifteen of these cases were pernicious in 
type (megaloblastic), 8 responding with a reticulocytosis within an 
average of 5 days, 6 from liver extract, one from a high meat diet, and 
1 from Monilia vaccines alone. The other 7 failed to respond to the hor- 
mone. This induced the writer to draw the tentative conclusion that in 
cases which responded there were sufficient megaloblasts in the bone mar- 
row to be stimulated (dysplastie type), and that in those which failed 
to respond (hypoplastic type) the failure was due to a paucity or lack 
of megaloblasts in the marrow. 

A large number of cases of megaloblastic anemia due to sprue, seen 
since these investigations were begun, have demonstrated that the hypo- 
plastic or exhausted marrow type is the prevalent one in sprue cachexia 
and that no amount of liver extract will benefit such cases. The hope 
of the patient lies in the ingestion of sufficient food of animal origin to 
restock his marrow with megaloblasts. Then the hormone will probably 
work ; at least it has seemed so from one or two recent cases. This in- 
vestigation has brought out quite forcibly the necessity for the construc- 
tion of Price- Jones curves demonstrating the mean and median diameters 
of red cells and the degree of anisocytosis (‘^the dispersion”), and this 
is proving that it is not so much the color index as the information de- 
rived from this curve which entitles one to judge the nature of these 
severe anemias. One of the by-products of this study has been the ap- 
pearance, shortly after a reticuloc^^tosis due to the megaloblastic hor- 
mone, of a decided eosinophilia even to 30 per cent which, by the way, 
bespeaks a more favorable prognosis. 

(b) Blood Chemistry , — Most of the chemical changes in the blood 
seem to be due to nutritional unbalance and are not limited to sprue. 
In 47 cases, 30 severe, 14 moderate and 3 mild, the averages were about 
as follows, in milligrams per cent: sugar, 102; creatinine, 2.5; uric acid, 
4; urea nitrogen, 15.5; nonprotein nitrogen, 40. It is significant that 
these values were about the same for 22 cases of the uncomplicated 
nutritional unbalance syndrome. There is, therefore, retention of nitro- 
gen, which would explain the tendency to neuritis, neuralgia and myal- 
gia, as well as other symptoms. There is a strikingly low figure for 
cholesterol in many of these cases and a high icteric index. 

The calcium content was made the subject of a special study, as 
Harold Scott had claimed great benefit in sprue from the oral admin- 
istration of 0.0065 of parathyroid gland extract combined with 0.65 
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of calcium lactate. The writer gave this treatment three times a day 
to 45 persons with pure nutritional unbalance for a year, and at the end 
of that time the total serum calcium averaged 9.09 mg. per cent, the 
diffusible 4.09. In addition, 22 cases of sprue, many of them severe, 
were given the same treatment and it was found that after an average of 
286 doses the total serum calcium in these cases averaged 8.92 mg. per 
cent, the diffusible 8.9. An extensive investigation was now planned, 
comprising 708 persons. The results of an analysis of the calcium con- 
tent of their scrum by Tisdall’s modification of Kramer and Tisdall’s 
method. can be summarized as follows: 


N 9 . cases 

Source 

Average 

total 

Ca. 

Average 

diffusible 

Ca. 

Percentage 
below 
norm. min. 
Tot al Ca. 

Percentage 
below 
norm. min. 
Diffus. Ca. 

96 

Healthy 

9.6 

4.69 

17 

38.5 

101 

Nutritional unbal- 
ance . . . 

9.2 

4.2 

45.6 

66.3 

55 

Sprue 

9.2 

4.11 

47.2 

72.7 

456 

Inmates insane 
asylum 

8.7 

3.60 

57.4 

79.3 


It is tlierefore a matter of nutrition. The food of the insane was 
said to be poor and they seemed by all odds the worst nourished of the 
lot. It is interesting to note here that one-half of the cases of severe 
and cachectic sprue gave a normal calcium content in the serum. 

(c) Serology of the Blood. — In the 1920 series, 601 assorted cases 
suffering from a variety of diseases and conditions were subiected to 
the complement deviation test, using as antigen killed cultures of Monilia 
psilosis raised in virulence by passage through animals. Of 348 cases 
of clinical sprue, 90 per cent were positive; of 102 clinically suspicious 
cases, 61.7 per cent were positive. Only 6 of 151 cases, or 4 per cent, 
presenting no signs of the disease were positive. 

The deviation of the complement, however, proved to be a group 
reaction, as the same cases positive for Monilia psilosis were also positive, 
although usually in less degree, for antigens of killed cultures of other 
Monilia and even a Torulopsis, and the procedure was dropped as fal- 
lacious. While for purposes of diagnosis the test is misleading, it is 
not, however, without considerable value as throwing some light on the 
true etiology of sprue, shown by Micliers excellent work. 

The Chemical Analysis of Gastric and Duodenal Contents. — The 
Einhorn tube was passed in 41 cases after a test meal of a cup of bouillon 
or chicken broth slammed of its fat a half-hour before. Readings were 
made at intervals of 15 minutes. Achylia was found in 16 cases, or 39 
per cent. The estimation of degree of acidity was made by the titration 
method, using decinormal sodium hydrate solution in all but 8 cases. 
The average result in these cases on first removal was 26.78 degrees. In 
8 eases the pH was estimated, the contents of the sfomach being re- 
ceived under neutral oil and results were as follows : 2.54, 2.35, 3.23, 3.23. 

The duodenal contents showed a high acidity and a reduction in 
amylase and lipase. However, the results of these experiments are in 
discord with those of some other investigators. It seems incredible that 
organs which are reduced to nearly half their size, with the evident 
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insuflSciency of gastric and intestinal digestion, should be perfectly 
normal in function. 

Feces , — There is a marked excess of fatty acids over neutral fats 
(5 to 10:1) • In one of the writer’s cases, in the enormous output of 
1,138.4 gm. of feces for the twenty-four hours on a measured milk diet, 
the total fat, including fatty acids, soaps and neutral fats, was 53.28 
gm. This woman was on a diet of 2,400 c.c. of milk containing 3 per 
cent of fat, hence she lost 74 per cent of the fat ingested, instead of a 
normal maximum of 20 per cent for a healthy person. The stools, it 
is said, contain a normal quantity of bile pigment in the form of 
leukobilin or urobilinogen, and for this reason are light in color. As a 
rule they are intensely acid but in the interval between acute exacerba- 
tions may be alkaline. This applies quite as forcibly to the saliva. 

In the severe and cachectic grades of sprue, Monilia psilosis is much 
more apt to be absent from stool cultures, chiefly for two reasons: (1) 
In such cases the symptoms are largel3^ due to more or less permanent 
functional weakness and inactivity of digestive glands and serious ana- 
tomical changes in the secretory and absorptive surface of the intestinal 
canal. It is in this condition that the stools are often alkaline and 
Monilia psilosis does not prosper. (2) Such serious symptoms have 
compelled the patient to observe a restricted, often an exclusive milk 
diet before consulting the writer, or other physicians have been sus- 
taining the patient for some time on the writer’s sprue diet which is 
well known to his colleagues in Porto Rico. 

Of 280 cases of sprue, 193 were severe or cachectic. In the vast 
majority of these cases, only one culture of feces was made, 55.3 per 
cent revealing Monilia psilosis. This should be contrasted with 6.6 per 
cent of positive results in 288 cases of nutritional unbalance, 4.7 per 
cent in 126 cases of other diseases and 5.6 per cent positive in 178 
healthy persons. In a series previous to this one, embracing a smaller 
proportion of severe cases, 225 cases of clinical sprue gave 75 per cent 
of positive fecal cultures (series 1914-1917). 

Urine: Volume in 24 hours; 37 cases, 1,278 c.c. 

Bpecific gravity; 148 cases, 1.016. 

Reaction ; of 142 cases, 87 per cent were acid. 

Urea; 135 cases, 17.4 gm. per liter. 

Uric acid; 85 cases, 0.45 gm. per liter. 

Chlorides; 131 cases, 8.45 gm. per liter. 

Sulphates; 26 cases, 2 gm. per liter. 

Phosphates; 105 cases, 1.84 gm. per liter. 

Albumin ; of 166 cases, 30 x^er cent yielded albumin, but only 9 per cent more 
than a trace. 

Sugar; all but 5 of 135 cases were negative; only one had over 1 per cent. 

Indican; in 144 cases, 71 per cent were normal; 19 per cent showed a mod- 
erate increase; 10 per cent a great excess. 

Urobilin; not found in 23 cases. 

Bile pigment; of 143 cases, 86 per cent were negative; only 5 per cent had 
over a trace. 

Sediment; oxalate of calcium crystals were noted in 20 per cent of 55 cases; 
cells of the renal pelvis in 23 per cent; pyocytes in 63 per cent; hya- 
line and granular casts in 21 per cent. 

Diargnosis. — The diagnosis is made on the clinical history and 
physical findings and is strengthened by the revelation of an abundant 
colonization of Monilia psilosis in the stool. A history of chronic fer- 
mentative diarrhea in warm climates with great loss of weight and with- 
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out positive evidence of well known bacterial or protozoal causes of in- 
testinal disease, should make one suspicious of sprue and provoke myco- 
logical cultures of the feces. When to this the typical tongue and the 
small liver are added, a reasonable working diagnosis is provided. 

Cultures should always be made according to the following standard 
technic, and always before diet or other treatment has intervened tc 
diminish temporarily the efflorescence of the yeast in the intestinal 
canal. Sabouraud’s glucose agar (peptone 10, glucose 40, agar 20, 
water 1000, set at pii 6 to 6.5) is the preferred medium. Plates are 
poured and allowed to solidify. Small particles of the feces are now 
transferred from a sterile container which are plated in 25 points on 
the surface of the agar. These are left at from 20° to 30° C. for several 
days. Generally at the end of the third or fourth day, little, round, 
glistening, smooth, convex, cream-colored colonies are detected. If 
only one colony develops out of the 25 points of contact. Monilia psilosis 
may be simply a chance contaminant of fruit or bread, on its way 
through the bowel like so much waste, but if multiple points of contact 
show colonies, the higher the number the more the probability of an 
active colonization in the bowel of the host. This organism is now puri- 
fied by the usual Koch three-plate method and a pure colony obtained. 
With this, a U-tube containing a 4 per cent maltose peptone water is 
inoculated, a stab culture in plain gelatin is made, and a Sabouraud 
glucose agar slant is sown. If in the course of two days to a week or 
two, gas is produced in the U-tube, and in two weeks the inverted pine 
tree in the gelatin and the characteristic macroscopic growth on the slant 
appear, the chances are that we are dealing with Monilia psilosis. This 
diagnosis will be assured by recognizing the typical organism in a loop- 
ful of the sediment from the U-tube under the oil immersion of the 
microscope. If everything is typical save that maltose is not fermented, 
either another U-tube is sown or 5 c.c. of the liquid culture are injected 
into the marginal vein of a rabbit or the belly of a guinea-pig. Eetro- 
culture from an animal killed by the organism will msually ferment 
maltose bouillon. For those who wish to employ the complement devia- 
tion test, reference is made to MicheUs standard work for the technique 
(see bibliography). 

Differential Diagnosis. — The Syndrome of the Pre-sprue Nutri- 
tional Unbalance. — While this syndrome is the shadow of sprue, save 
for the usual absence of glossitis and diarrhea, there is nothing de- 
cisive about the picture and the patient is merely ailing. Cultures of 
the feces will here be of importance. 

Bacillary Dysentery. — The onset is acute and there are fever, tenes- 
mus, abdominal pain, and small, frequent, blood-stained, mucoid stools. 
Agglutination tests are positive. 

Amebic Dysentery. — Recurring bloody and mucoid stools, of a dif- 
ferent character from those of sprue, tenderness over the colon, and the 
presence of Entameba histolytica are outstanding. 

Chronic Malaria. — There is a histcry of febrile attacks, splenomegaly 
and mononucleosis are present, and the plasmodium may be found by 
thick films or splenic puncture. 

Intestinal Tuberculosis . — The character of the diarrhea, fever, ab- 
dominal tenderness, foci in the lung or elsewhere, and positive results of 
inoculation of laboratory animals should clear up the diagnosis. Sprue 
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is an afebrile disease, as a rule ; in fact, persistent subnormal tempera- 
ture is usually observed. 

Uncinariasis, — There is a history of ground-itch, absence of the typi- 
cal excoriation of the tongue and the stools are more apt to be lienteric. 
There is a tendency to dilated heart and anasarca, generally an eosino- 
philia, and the ova can easily be found in the stools. 

Chronic Pancreatiiis. — The neutral fats in the stools are greatly in 
excess of the fatty acids. 

Pellagra. — Pellagra is more apt to attack the poor of rural districts. 
Seasonal incidence is prominent. The stools are usually pigmented and 
there is a normal absorption of fats. The tongue is smaller and pointed, 
the glossitis is more general, and the red color is deeper. Anemia is not 
a characteristic of pellagra. The skin lesions of pellagra never occur in 
sprue as the skin is not hypersensitive to the sun’s rays. Monilia 
psilosis is usually absent. The mental symptoms of pellagra are missing 
in sprue and the lesions of brain or cord are constant in the former. 
Pellagra is not a disease which can be easily confused with sprue, save 
in pellagra sine pellagra, which is apt to be sprue, not pellagra. 

Idiopathic Pernicious AnemAa (Addison’s Disease). — The subcu- 
taneous fat is preserved ; the tongue, while it may be subjectively sensi- 
tive, is not characteristically excoriated as in sprue, nor do abrupt ap- 
pearance and disappearance of the lesions occur. The liver is not usu- 
ally diminished in size. Diarrhea is not a constant feature and the stools 
are apt to be pigmented. Distinct cord lesions are manifest. 

Gastric Ulcer, Duodenal Ulcer, Cholecystitis, Appendicitis. — All 
four may be roughly simulated, at times, by gastro-intestinal symptoms 
in sprue. The sheet anchors liere are careful radiographic studies of 
the digestive tract and laboratory analyses. Erosions and shallow ulcer- 
ation of stomach and duodenum neither give roentgenologic evidence nor 
warrant operation. 

Tuberculosis of the Tongue. — The lesions are deep and do not ap- 
pear and disappear rapidly as in sprue. The same may be said of the 
tongue lesions of tertiary syphilis, different from both. 

Geographic Tongue, — This affection is common in the tropics, espe- 
cially among children. The lesion is very superficial, takes a serpiginous 
course, and seems neither to cause symptoms nor to be accompanied by 
constitutional disturbances. 

Hereditary Fissured, and. Rough Tongue. — There are no symptoms 
and the filiform papillae are hypertrophied. 

Complications. — A Perniciotts Type of Anemia. — The term ‘^per- 
nicious anemia” is believed today to be unscientific and misleading, for 
what is meant is idiopathic pernicious anemia, or Addison’s disease, and 
in the definition given in medical literature that condition of the blood 
and hemopoietic organs which is also found in uncinariasis, Diphyllo- 
hothrium latum anemia, sprue and other diseases is stated or insinuated 
as fundamental and pathognomonic. Idiopathic pernicious anemia is a 
disease perfectly distinct from sprue. While the effect on the blood is 
frequently so nearly like that of Addison’s disease as to render differ- 
ential diagnosis impossible, an additional toxic element, not present in 
sprue, is apparently responsible for subacute combined degeneration of 
the cord in the classical idiopathic affection. The megaloblastic anemia 
of sprue is one of its most dreaded complications and has been described. 
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Gastric and Duodenal Ulcers. — These ulcers are apt to be very 
shallow or, indeed, only a raw condition such as is seen in the tongue 
may give rise to signs and symptoms of these lesions, with the important 
exception that radiographic evidence is usually lacking and surgical 
intervention often harmful. 

Proctitis and Hemorrhoids. — These may be serious complications. 
In several instances the writer has seen the constant irritation from a 
long-standing proctitis result in cancer. 

Certain bronchomycores, tonsillomycoses, epidermomycoses and 
ONYCHOMYCOSES are not infrequent complications of sprue, as has been 
foreshadowed elsewhere. 

Leukoplakia is a not uncommon complication seen by the writer 
and mentioned here and there in the literature. In a case of sprue 
treated by the writer it developed without a trace of syphilis in an other- 
wise healthy young woman. 

Sequelae. — Abdominal Ptoses. — Sprue is a disease which diminishes 
the function of most organs. Noav, as the function of supporting con- 
nective tissue is mainly to sustain the abdominal organs in their position, 
when the fibers of this supporting tissue weaken, there is a tendency for 
these organs to descend toward the pelvis. Thus it is that wc find such 
an abnormal number of ptoses of stomach, intestines, etc., with their 
consequent operative treatment and often their logical failure to per- 
manently relieve or correct. 

Insufficiency of Dioestive Glands. — This is apt to be permanent 
in long-standing cases and in the old. It is the chief factor in relapses, 
sometimes occurring after many years, and the principal obstacle to the 
return of the patient to the Tropics whore the monotonous heat depresses 
cellular activity. The insufficiency of the liver is particularly apt to 
be permanent. 

Association with Other Diseases. — Tubercui^osis. — Undoubtedly this 
disease claims first rank among tliose associated with sprue from its ten- 
dency to flare up in any long continued condition of malnutrition. About 
ten per cent of the writer’s cases of tuberculosis of the lungs were also 
far advanced in sprue and, conversely, cure of their sprue frequently 
brought about such a regression of an incipient tuberculous process as 
apparently to cure the patient. 

Syphilis. — This disease acts to greatly enhance the picture of 
glandular insufficiency, as, naturally, the chronic stages of syphilis are 
notable for their perturbation of important glandular organs such as the 
pancreas. It is always well to attack syphilis vigorously by neosalvarsan 
or its congeners as soon as possible before hoping to secure lasting re- 
sults from any treatment directed against sprue, but great care should 
be taken to investigate the state of function of tlie liver, as the writer 
suspects that arsenic in this form has precipitated a form of pernicious 
anemia in several of his cases. 

Uncinariasis and Malaria. — These are formidable adversaries of the 
sprue patient and specific treatment should be promptly applied. The 
manifest danger of purging the case of advanced sprue should make one 
cautious in the administration of vermifuges, and carbon tetrachloride 
should never be used. 

Dysentery. — Sprue is so often a sequela of amebic dysentery, in 
countries where the latter disease is endemic, as to perturb the recogni- 
tion of the former. This was notable in the history of sprue in Cochin- 
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china where the French were blinded to its true nature in the midst of 
an acrid dispute over the identity of the two diseases. 

Treatment. — Dietetic Treatment. — When one reads that sprue is a 
singularly intractable disease, tending toward a fatal termination, and 
then turns to the chapter on treatment and finds that an author counsels 
a little sugar with this and a ‘‘light cereal” with that, a rasher of crisp 
breakfast bacon and plenty of rich milk, it is easy to see why he is pessi- 
mistic. There can be no compromise on the admission of sugar of com- 
merce, cereals and fats in an active case of sprue. This is fundamental. 
No matter what particular view the physician may have of the etiology, 
his success must rest largely on the banishing of these components from 
the diet of the sprue patient.* 

The essentials to recovery in the long run are (1) prohibition of 
fatty foods and added fats, (2) a sugar- and cereal-free diet, (3) a 
reinforcement to the greatly reduced digestive ferments. With an 
early diagnosis and intervention before too much damage has been 
wrought, it is by no means necessary, nor is it advisable, to begin with so 
exacting and monotonous a diet as milk alone. Patients with a mere 
dyspepsia and occasional looseness of the bowels, obliged to earn their 
living, will not tolerate it in practice. It is the duty of the physician to 
return a patient to his normal avocation as soon as possible, and he 
should avoid restrictions which diminish the latter's efficiency as a wage- 
earner in every manner possible, and protect him against the burden of 
expense entailed by unnecessary idleness. A milk diet commits both of 
these faults, as a rule, and should be used only when absolutely necessary. 
There must be potent reasons for employing a starvation diet in a dis- 
ease where symptoms are the result of tissue starvation and exhaustion. 

The writer has run the gamut of ‘‘cures” for sprue but has for the 
last fifteen years finally settled upon a liberal diet which not only per- 
mits normal activity in the average case, but which starves the fungus 
that takes a part in causing the disease, not the patient. In fully 95 
per cent of his cases this diet has been quite satisfactory to both patient 
and physician. The f olloAving is the diet sheet recommended : 

Breakfast: Coffee with milk, sweetened with saccharin. 

Two soft-boiled or poached eggs. 

One of the following fruits: oranges, grapefruit, largo bananas, apples, 
pears, peaches, mangoes, ripe pawpaw. 

Midday meal: Hot bouillon or chicken broth with small pieces of the vegetables al- 
lowed in this diet. 

A half-pound of beefsteak with a little salt, lightly broiled, or lean, rare 
roast beef or roast chicken. If a tender variety of beef cannot be secured, or 
for the puri)oso of varying the diet, a good quality of beef can be chopped 
up, made into a meat ball and seared over a hot fire. It should be turned out 
on a previously heated plate and eaten while hot, Fresh fish, broiled or baked, 
is permitted, as well as are eggs. 

Fresh vegetables from the garden, baked or boiled ; okra, cymbelings, 
squash, carrots, spinach, asparagus, beets, tomatoes, turnips, string beans, 
lima beans, peas and eggplant. If one is living in the Antillan tropics, the 
following native vegetables can be used: yautia blanca, boiled or mashed; 
amarilJos, roasted or boiled; casab© (baked); chayote; name. A salad on the 
basis of chopped beet leaves or lettuce with tomatoes, celery, asi>aragus, beets, 
cucumbers, pawpaw, chayote, cabbage or fruits. These salads should never 
be omitted and should be eaten in abundance. 

Afternoon repast : Tea or coffee with milk, or skimmed chicken broth. 

♦ Fairley’s use of glucose in substitution for sugar of commerce Is based on the 
direct absorption of a monosacchnrld without the intervention of any intestinal enzyme. 
The writer is experimenting in a series of cases with the hope of corroborating the benefit 
claimed for this addition to the dietary. 
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Vinner: As for the midday meal. 

Supper: A glass of hot milk or some fruit. 

Articles prohibited: Sugar and anything that may contain it, such as pastry, pre- 
serves and sweetened canned fruits, raisins, dried prunes, ice cream and the 
product of the soda-water fountain. 

Bread and anything containing wheat flour, such as cakes, biscuits, and 
crackers. 

All cereals and flours made from grains such as rice, cornmoal, “corn 
flakes’^ and other such cereal derivatives with trade names. To this list 
should be added beans. 

Potatoes, sweet potatoes, alligator pears and i)ineapple8, 

Eemarlcs: Food should be well prepared and well served. Fried food should not be 
permitted. 

The i»rincii)al object is to increase the nutrition by providing a diet rich 
in the elements which are to form muscular tissue, glandular tissue, and 
nervous tissue, as well as in those containing vitamins. No less than a pound 
of meat a day is recommended. 

(Calorie values should be calculated and should not fall below 1800 C. a day.) 

This diet must be sustained usually a long time, three to six months 
or a year, and even then the addition of bread, sugar or riee, and, above 
all, grease, may bring back the earmarks of the old enemy. One must 
be careful not to become discouraged at a sudden indigestion, often 
interpreted as a ‘^relapse,” in spite of this diet. In reality, if close 
questioning is resorted to, will find that some severe physiological 
strain has brought about a true suspension of digestion. A tablespoonful 
of castor oil and a day of reduced alimentation in bed will usually.per- 
mit the patient to resume his dietetic regimen in twenty-four hours. 

This is the diet which should be employed for the benign, the mod- 
erate and the moderately severe eases of sprue as well as for its pre- 
ceding nutritional unbalance. For very severe and cachectic cases, 
one must consider more carefully the digestibility of foods and the 
tolerance of the patient and for such were created the one-sided diets, 
known as the ‘‘milk,” “fruit” and “meat” cures. 

The Cure /^ — This is adapted to the periods of violent raw- 

ness of tongue and incessant diarrhea and it should usually be con- 
tinued until they disappear. A moderate dose of some aperient is 
first given, the patient is put to bed in absolute repose of mind and 
body, if possible a nurse is procured, and milk is begun to the ex- 
clusion of every other food. The writer has been accustomed to order 
1,800 to 2,000 c.c. a day, distributed in two-hourly doses, and taken 
slowly through a straw. At least eight hours of sleep should be pro- 
vided for, but in case of great weakness, one or more feedings should 
be given between 10 p.m. and 6 a.m. Every four days increase the 
quantity by 250 c.c. until the patient is taking as near 3 to 3^/^ liters, or 
more, as he can comfortably tolerate. More than 4 liters is not advised. 

In the first week there is apt to be loss of weight, increased amount 
of intestinal gas, and a longing for solid food combined with a loathing 
for milk, but the curious unrestful mental state, with inability to con- 
centrate the attention, will give place to a clearness and tranquillity of 
mind that will outweigh the bodily discomfort. 

This diet yields, roughly, from 1,100, at the beginning, to 2,300 
calories a day, if the milk is, as it should be, not high in fat. The next 
week is usually tnarked by normal bowel movements, healing of the 
tongue, disappearance or great reduction of intestinal gas and general 
improvement. After from three to six weeks of a strict milk diet, 
fruits may be added, then vegetables, and, last of all, the full liberal 
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sprue diet, the quantity of milk being gradually decreased as these 
articles are increased. 

The stools should be daily seen by the physician, and if digestion 
is poor it may be improved by mixing with each feeding a coupje of 
ounces of banana flour gruel, one tablespoonful of freshly made banana 
flour being added to a quart of water and the whole slowly simmered 
down to a pint. 

There is a class of people, relatively small despite the protests of the 
majority who insist that they cannot tolerate milk, in whom this article 
of food is not well borne. For such the meat and fruit ‘‘cures’’ were 
devised. 

The *^Meat Cure .^^ — This was first recommended by Cantlie, and, for 
cases not tolerating milk, especially those marked by violent diarrhea, or 
in whom for any other reason milk cannot be used, it is certainly a boon 
to the sufferer and to the poor physician, at his wit’s end. Here again, 
no other food should be given. Combination of this diet with milk is 
fraught with disaster. 

The patient is put to bed and the diet is sustained under the same 
conditions in which the milk was administered. Two pounds of rump 
Steak or fillet are minced with a chopping-knife, not with the mincing 
machine, salt is added, and the chopped meat is left on a platter and 
stored in the ice chest. Every three hours one sixth of this ([uantity 
is removed and rapidly and lightly seared in a buttered saucepan, 
previousl.v well heated over a direct fire. One half hour before each 
feeding, hot tea or broth, or weak fresh plantain gruel is served. This 
diet cannot be endured, as a rule, over a week, as the rejmgnanec for 
meat has become strong, but this is sufficient time to work a marvelous 
change in the patient as gas and diarrhea are meanwhile usually dissi- 
pated. A gradual induction into the liberal sprue diet is now begun. 

The Fruit Ciire ,^^ — Tn general, this consists of gradually increas- 
ing small feedings at very short intervals until several pounds of fruit 
per day are ingested. Very acid fruits should be avoided. When the 
patient begins to improve, the liberal sprue diet is in order. 

In short, for 95 per cent of all cases of sprue the liberal diet de- 
scribed should be the ideal one. For acute cases, violent bouts of diar- 
rhea and advanced cachexia with raw tongue and diarrhea, the milk 
diet. For those of the latter class who cannot tolerate milk, either the 
meat or fruit diet. 

Medicinal Treatment. — The following prescription seems to be of 
positive benefit in sprue : 


51 Paiicreatm 

Takadiastase aa 15. 

Magnes. oxid 25. 

Calcii carbonat 50. 


M. et divid. in chart. No. 50. 

Sig. One powder after each of the three meals. 

Strychnine is probably the best general tonic and may be advan- 
tageously combined with dilute hydrochloric acid and compound tinc- 
ture of cardamom. If a check needs to be placed on too frequent 
bowel movements, the following has proved useful in the writer’s 
hands : 
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5^ Tinct. opii deodorat 4 

Bismuth, subnitrat. 

Cret. preparat. aa 13 

Syr. acaeiao 100 

Aquae cinnamon 200 


Sig. One tablespoonful every two hours until relief. 

While certain remedies for special situations may be required, the 
routine use of other drills is believed futile if not harmful; this is 
especially applicable to iron and arsenic. Only in the dysplastic 
anemia is liver extract to be given systematically. The administration 
of yeast is not only a failure; it is a hidden danger and it increases in- 
testinal gas. In the hands of the writer, santonin proved to be an 
utter failure besides being a renal irritant. Hydrotherapy, massage 
and heliotherapy are of real value. A change of climate in sprue, 
from the standpoint of the tropical resident who must earn his living 
there, is like recommending amputation for a troublesome limb. The 
vulnerable point in the Tropics is undoubtedly the intestinal canal, 
but residents of northern climates have a no less vulnerable respiratory 
apparatus. 

In closing this review of the treatment of sprue, let us remember a 
most important factor in recharging a devitalized body: rest. Repose 
of body and mind, freedom from the strain of work and worry, and a 
tranquil spirit give the fullest play to whatsoever reparative treatment 
that may be employed. 

Prophylaxis. — The real prophylaxis is the correction of an unbal- 
anced ration, and a defense against unnecessary strain thrown upon the 
human organism in the Trof)ics. In the correction of the ration should 
be comprehended a radical curtailing of sweets and cereals but espe- 
(iially grease, an increase in fresh garden truck, and a better and larger 
supply of dairy products and animal foods. 

Prognosis. — Cases not responding to diet within three months and 
pernicious types of anemia failing to yield to reticnlocytosis after the 
administration of liver extract are very serious ones and the mortality 
probably exceeds 50 per cent. This is the sprue of older authors, the 
cachexia of sprue which has given the disease its bad name. The im- 
mense majority of cases which respond to diet within three months tend 
toward recovery, which is permanent if subsequently the nutritional 
unbalance originally provoking the disease is avoided. The salvation of 
the patient lies more in himself than in his physician. 

Pathology. — Owing to comparatively few autopsies there is little 
yet to be said of the morbid anatomy of sprue. The intestinal wall is 
by no means always thin, as has been reported. There is almost 
unanimity of findings in the mucosa which usually shows inflammatory 
changes. Ulceration is not typical of sprue nor are the ulcers deep. 
They are usually so small and superficial as to be overlooked. The small 
size of liver, pancreas, spleen, etc., seems due entirely to wasting. 

The following is a summary by Dr. E. Koppisch of cases so far studied 
pathologically in the School of Tropical Medicine of Porto Rico : 

‘'A study of ten cases that came to autopsy failed to reveal pathog- 
nomonic lesions. The fat throughout the body was greatly diminished. 
The tongue showed atrophy of the mucous membrane with desquamation 
of the superficial layers and more or less complete elimination of the 
filiform and fungiform papillae. In three cases a fungal growth was 
present on the surface and mycelium was found penetrating the 
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epithelial layer. Two of these were cultured and Monilia psilosis Ash- 
ford was obtained. We did not see ulceration of the mucosa of the 
small intestine. The walls were thin due to atrophy but in the stomach 
this did not reach the degree seen in idiopathic pernicious anemia. 
Inflammatory changes were noted in about one-third of the cases; in 
one, these extended to the submucosa. An acute or chronic colitis, with 
or without ulceration, was a complicating factor in four cases. In no 
instance was a mycelial growth found invading the mucosa of the 
esophagus, stomach or intestine. 

‘‘In the liver, fatty changes were frequent and there was much iron- 
containing pigment in the liver cells and in the Kiiptfer elements. The 
amount is much less than in idiopathic pernicious anemia. The peculiar 
hyaline degeneration of the venous endothelium of the spleen described 
by Bahr was not observed, and Russell’s acid-fuchsin bodies, although 
present, have not been at all numerous. The pancreas has been in- 
variably normal in its histologic structure, excei)t for slight interacinar 
fibrosis in two cases. None of the cases studied presented cord changes. 

“The bone marrow was completely aplastic in four cases and pre- 
sented serous atrophy of its fat ; in two there was moderate hyperplasia 
of all elements ; in three a marked hyperplasia was in evidence, and the 
picture was not distinguishable from that found in pernicious anemia. 
A study of sixteen cases of clinical sprue in which borings of the tibia 
for the collection of bone marrow during life was performed, in general 
has given results similar to those above described. There was complete 
aplasia of the bone marrow in seven ; moderate hyperplasia in one ; areas 
of hyperplasia in an aplastic bone marrow in one, and active regenera- 
tion in six. One case presented active hyperplasia followed in several 
months by aplasia. 

History and Distribution. — Sprue was first identified by William 
Hillary in Barbados in 1766. Throughout a century little or no at- 
tention was paid to it as a distinct disease. In 1860, French naval 
surgeons announced a disease which they claimed to be distinct from 
dysentery and for twenty years their clinical conviction was pitted 
against the uncompromising pathologist back in the home country who 
refused to see in the intestinal flux anything but an evidence of dysen- 
tery. As dysentery also existed in those countries, and ulcers were often 
found in cases with superimposed sprue, the pathologist who was not 
on the ground apparently won the battle and deprived Prance of the 
honor that fell to Sir Patrick Manson, in 1880, of clearly annunciating 
in a short article of five pages what has ever since been known by the 
name he gave it. 

In 1901, Kohlbriigge described a yeast prevalent in the feces in 
sprue which' he also found invading the mucous membrane and in- 
testine. 

In 1905, Castellani began a aeries of studies on the yeast-budding 
fungi of the feces of sprue patients, culminating in Bahr’s brochure 
(see bibliography). 

In 1914, Ashford described a Monilia very consistently found in the 
tongue and feces of sprue in Porto Rico which he later named Monilia 
psilosis. The relation of this yeast to sprue is still under dis,cussion. 

The best known foci of sprue are found in the Malayan archipelago 
as a center, extending north to China, south to Australia, east to Korea 
and the Philippines, and west to India, taking in practically all the 
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intermediate islands, and confining itself largely to tropical regions. 
In the New World it is a scourge of the West Indies and Central America 
and is evidently much more prevalent in the south of the United States 
than has been heretofore realized. 

Sociologic Aspects. — The sociologic importance of sprue is that of 
its chief predisposing factor, the peculiar nutritional unbalance of most 
tropical countries where the disease exists. Alike a basis also for tuber- 
culosis and uncinariasis, it is this factor that is responsible, more than 
the organisms which elaborate upon it their well known clinical person- 
ality, for most of the high mortality and physical inefficiency of tropical 
residents is due to ignorance of a balanced diet for .the Tropics. This 
condition, and not so much the diseases it makes possible, should interest 
the educationalist and statesman, if the Tropics are ever to become again 
the highest expression of human civilization. 
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Definition. — Under the name leishmaniasis are included the diseases 
due to protozoa belonging to the genus leishmania. There are two forms 
of disease due to leishmania: one a general or visceral disease which 
commonly progresses to a fatal termination; and one ’a cutaneous affec- 
tion which tends to recovery. Again, each of these two forms of leish- 
maniasis is divided into two types, mainly according to geographical 
distribution, in each case the types of the disease tending to differ 
somewhat clinically. 

Synonyms. — For the Indian visceral type: Kala-azar, Kala dukh. 
Dum-dum fever, Tropical splenomegaly. For the Mediterranean visceral 
type: Splenic anemia of infants. Infantile kala-azar, Ponos. For the 
Oriental cutaneous type: Oriental sore, Aleppo boil, Biskra button, 
Bagdad boil, Bouton d 'orient, Endemic granuloma. For the American 
cutaneous type : Forest yaws, Bubas, Uta. Espundia is a term applied 
to the naso-oral involvement in the American cutaneous type. 

History of Clinical Varieties. — Kat.iA-azar. — ^When the British occu- 
pied the district of the Garos, in Assam, in 1869, they found an endemic 
disease which the natives called ‘‘kala-azar,'^ meaning black fever, so 
named from the darkened skin of the affected persons. The disease was 
considered to be malarial cachexia, and its history is confused with that 
of malaria up to 1900. With the opening up of human intercommunica- 
tion, the disease spread to neighboring districts ; and, on account of the 
high death rate, it attracted considerable attention. 

In 1900, Leishman found what he considered to be degenerated trypa- 
nosomes in the spleen of a soldier who died of dum-dum fever at Netley ; 
and he published this finding in May, 1903. In July, 1903, Donovan 
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found the same parasites in blood obtained by spleen puncture during 
life. Laveran and Mesnil considered the organisms to be piroplasmg, 
and gave the name Piroplasma donovcmi. Ross considered that the or- 
ganism belonged to a different genus, and he created the genus leish- 
mania, the organism of kala-azar becoming Leishmama donovcmi. In 

1904, Rogers cultivated the organism by adding splenic blood to citrated 
salt solution; and be observed that the cultural forms had a single 
flagellum. 

Infantile Kala-azar. — Fede described a febrile splenic anemia in 
children in Italy. In 1904, Cathoire found peculiar bodies in spleen 
smears from a child that had died of an ill-defined disease in Tunis, 
and Laveran considered these bodies to be Leishmania donovani. In 

1905, Pianese found bodies in the spleen of children dead of Fede’s 
splenic anemia; and he considered these bodies identical with Leish- 
mania donovani, at the same time calling attention to the similarity of 
the symptoms of Fede’s disease and kala-azar. In 1907, Nicolle studied 
the disease in Tunis, and considered the parasite to be related to the 
parasite of Indian kala-azar but not identical with it ; he suggested 
the name ‘‘infantile kala-azar*^ for the disease, and the name of Leish^ 
mania infantum for the parasite. Gabbi, in 1908, reported that he 
found the disease among adults, and he considered it to be the same as 
Indian kala-azar. 

Omental Sore. — In 1756, Russell described Aleppo boil, and stated 
that the natives considered it was due to the drinking water. The dis- 
ease was described by various observers from that time on, but it was 
over one hundred years before any one seemed to doubt that the drinking 
water was the cause of the disease. From 1868 to 1902, various work- 
ers described ova of worms, bacteria, fungi and protozoa in the tissues 
of cases of Delhi boil. In 1885, Cunningham described endocellular 
organisms which he considered as stages of some mycetozoal organism. 
In 1891, Firth confirmed Cunningham ^s finding, and gave the name 
Sporozoon fumnculosum to the organism. In 1903, Wright found round 
and oval bodies in endothelial cells in smears from an Oriental 
sore on a boy from Armenia. These bodies were 2 to 4 microns in 
diameter, and Wright gave them the name Helcosoma tropicum*. It 
is not possible to say whether these bodies found by Wright are the 
same as those described by Cunningham. 

American Leishmaniasis. — On his voyage to Brazil, in 1648, Pisone 
saw a disease, known as “bouba,'^ which he considered distinct from 
syphilis. In Brazil it was thought that the disease was brought in by 
Negroes from the Calabar coast. Since that time there has been con- 
fusion regarding the various ulcerative conditions of the skin in Brazil. 

In 1895, Moreira reported that for several years the clinicians in 
Bahia had noted a peculiar variety of cutaneous lesions, known as ‘ ‘ Bahia 
button,*’ and he expressed the opinion that these lesions were the 
same as Biskra button. He suggested the name “Bouton endemique 
des pays chauds,” as the condition was not confined to the Orient. Adeo- 
date also considered “Bahia button” to be the same as “oriental sore.” 
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In 1895, Breda studied three cases of skin ulcey^tion with mucous 
membrane involvement from Sao Paulo. He concluded that ^^boubas’^ 
was not syphilis, tuberculosis or infectious granuloma; but that it was 
a special disease. He considered that some endemic skin diseases in the 
Orient should be called “oriental sore,” and that some endemic skin 
diseases in America and Africa should be called ‘ ‘ f ramboesia. ’ ' He con- 
sidered that “boubas” was a variety of “f ramboesia’’ that was not 
limited to the skin, but also involved mucous membranes. 

Different workers found different organisms in the ulcerations, and 
there was difference of opinion as to whether the lesions were syphilis, 
tuberculosis, yaws or blastomycosis. About 1908, during the building of 
a railroad in the state of Sao Paulo, in Brazil, it was noted that many 
of the men were affected on naked parts of the body with chronic ulcers. 
These ulcers were known as “Bauru ulcers,” from the name of the city 
that was one terminus of the railroad. In 1909, Lindenberg and Carini 
and Paranhos demonstrated in these ulcers organisms which were iden- 
tical with Leishnutnia tropica. 

In 1909, Nattan-Larrier, Touin and Heckenroth reported cutaneous 
leishmaniasis from French Guiana; and in 1911 Darling reported it 
from Panama. Flu reported it from Dutch Guiana in 1911 ; and Minett 
and Field reported it from British Guiana in 1913. 

In 1911, Carini, studying cases in Sao Paulo, noted that persons 
who had leishmania ulcers on the skin were at times attacked by pecu- 
liar lesions of the mucous membrane of the mouth, nose and pharynx, 
at times by direct continuity from lesions on the neighboring skin, at 
other times when the ulcer was on a remote part of the body. Carini 
concluded that the “buba brasiliana,” described by Brede, was leish- 
mania lesions in which the mucous membranes were involved. 

Splendore concluded that Breda’s “buba brasilianica” was not a 
good term, as “buba” was a popular term for any form of ulcer, while 
physicians applied the term exclusively to yaws. Splendore concluded 
that in Brazil there are two diseases that resemble yaws, but which have 
a special tendency to involve the mucous membranes. One of these con- 
ditions is a form of blastomycosis, and the other is a new form of leish- 
maniasis. 

Escomel, in 1911, described a disease that was found in the moun- 
tainous regions of Pei-u and adjacent territory, and gave the name 
‘^espundia” to the disease. There was a primary lesion, the “espundial 
chancre,” on the forearm, leg, neck, chest, back or shoulders, more 
rarely on the face or hands. This primary lesion began as an ulcer 
or as a button, and healed after a varying length of time, sometimes 
several years. Some time after the skin ulcer had healed, even several 
years, the patient developed ulceration of the mucous membrane of the 
nose, mouth and pharynx. Escomel was not able to find the causative 
organism ; but he pointed out that the disease was not syphilis, tubercu- 
losis, leprosy or glanders. Laveran and Nattan-Larrier found leish- 
mania in material sent to them by Escomel from cases of espundia. 

In Cucuta, in 1916, we were told by the physicians that rhinoseleroxna 
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was common in that region, and one case was in the hospital at that 
time. Though there was no history of a chronic skin ulcer, the appear- 
ance was that of nasal leishmaniasis. No microscopic examination could 
he made, and leishmaniasis was not known to the physicians there. 
Mucocutcmeous leishmaniasis has been reported from Zulia, in Colombia, 
by Tejera. 

In 1913, Migone reported a case of kala-azar in an Italian who had 
lived in Brazil for thirteen years. The man died after a severe attack 
of diarrhea. 

Geographical Distribution. — Indian kala-azar is widespread in As- 
sam, in Bengal, in the region of Calcutta, Madras, Ceylon, Turkestan, 
Indo-China, China, Dutch East Indies, Arabia, Egypt, Sudan and Mada- 
gascar. 

Infantile kala-azar is found in southern Prance and Italy, Portugal, 
Spain, Greece, Crete, Malta, Tunis and Algiers. 

Oriental sore is found throughout northern Africa, southern Asia, as 
far as Greece in Europe, and in New Caledonia. 

American leishmaniasis is found in Brazil, Paraguay, Dutch Guiana, 
English Guiana, French Guiana, Venezuela, Colombia, Panama, Yucatan 
and Peru. 

Etiology. — The Parasites. — Ross was the first to recognize the fact 
that the organism found in Indian kala-azar was a new form of pro- 
tozoon, and he gave to it the name Leishmama domjvani. Nicolle con- 
sidered the organism of infantile kala-azar to be different from the 
organism of Indian kala-azar, mainly because it was readily cultivated, 
and could be transmitted to animals; he gave it the name Leishmcmia 
infantum. The organism found in kala-azar in Sudan can be transmitted 
to monkeys but not to dogs, and the organism found in kala-azar in 
Transcaucasia differs somewhat from the organism of Indian kala-azar. 

When Wright described the organism from oriental boil, he did not 
know the name ^‘leishmania,’^ and he gave the organism the name of 
H^osoma tropicum. When it was recognized that the organism was a 
leishmania, the name became Leishmcmia tropica. 

Morphology, — The appearance of all of the leishmania is very much 
the same in the body of man. With the Romanowsky stain, the or- 
ganisms appear as round or oval bodies, 1.5 to 2 microns in diameter 
and 2 to 4 microns long. The cytoplasm stains blue, and two nuclei 
are seen. The large nucleus is about one-quarter the size of the entire 
organism, lies close to the border of the cell, and stains deep red. The 
small nucleus lies deep in the substance of the cell, appears as a point 
or rod, and stains more violet than the large nucleus. Leishman sug- 
gested that the small nucleus was a blephoroplast, and that the organism 
was related to the trypanosomes. The cytoplasm is quite frequently 
vacuolated, and the large nucleus may appear vacuolated. Leishmama 
tropica is frequently found as long, slender forms, and very large, vacuo- 
lated forms are common; otherwise, the different species of leishmania 
are morphologically identical. 

Leishman suggested that the bodies he found in 1900 were related to 
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the trypanosomes. In Rogers^ cultures of the organism of kala>azar, 
the organisms had a single flagellum taking its origin from the small 
nucleus ; that is, they were the leptomonas form in the order Binucleata 
which includes the trypanosomes. 

All of the leishmanm are cell parasites, being found mainly in the 
endothelial cells; but they are also found in polymorphonuclear leuko- 
cytes, in eosinophils and in myelocytes. At times in smears, especially 
from cutaneous leishmaniasis, free parasites are found : this probably 
means that they have escaped from destroyed cells. The parasites have 
the leishmania form in the tissue; but Escomel reports the flagellated 
leptomonas forms in espundia ; and Risa and Mustafa saw motile flagel- 
lated forms in oriental sore. 

Culture . — In 1904, Rogers cultivated the organism of Indian kala- 
azar by drawing blood from the spleen into sodium citrate solution (1 to 
2 c.c. of 10 per cent, solution in the syringe), and keeping it at 22° C. 
In 1908, Nicolle cultivated the organism of infantile kala-azar and of 
oriental sore on Novy-MacNeal medium, and later on a simplified Novy- 
MacNeal medium. A number of workers failed to cultivate the organism of 
Indian kala-azar on Novy-MacNeal medium ; and this was thought to be a 
strong indication that the organisms were difiEerent. But in 1912, Row 
cultivated the organism of Indian kala-azar on Nicolle ’s modification 
of the Novy-MacNeal medium. The Nicolle modification of the Novy- 
MacNeal medium is known as the N. N. N.-Agar, which is made as 
follows : 

Distilled water 900 c.c. 

Agar-agar • • 14 grams 

Sodium chlorid «... 6 grams 

This mixture is melted, cooled to 45° C., and one part of defibrinated 
rabbit blood is added to two parts of the mixture, and slanted. The 
tubes should be tightly stoppered, so the water of condensation will not 
dry out. The cultures gi’ow best at 22° C. 

In the cultures, from the fourth to the seventh day, the organisms 
appear as long, slender forms, 15 to 20 microns long, and 2 to 4 microns 
in diameter. A single flagellum rises from the small nucleus (blepharo- 
plast) and extends as a free flagellum, without any evidence of an un- 
dulating membrane; that is, the organism is a leptomonas form. In 
the culture there are more oval forms, and as the cultures get older, 
there are oval forms without a flagellum and with vacuolated cytoplasm. 

The growth is scant in cultures from Indian kala-azar, more marked 
in cultures from infantile kala-azar, and there is a heavy growth in 
cultures from oriental sore. The organism of American leishmaniasis 
grows even better than does the organism from oriental sore. All of 
the differences between cultural forms of the organism from orientfd 
sore and those from kala-azar can be accounted for by the better growth 
of the oriental sore organism in cultures. 

Tr<msmission to Ammals , — The organism of Indian kala-azar is not 
readily transmitted to lower animals, and earlier attempts to transmit 
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the infection to monkeys, dogs, rabbits, rats, goats, guinea pigs and 
pigeons failed. Later, Donovan and Patton both succeeded in infect- 
ing dogs with leishmania by the injection of splenic material from cases 
of kala-azar; and Row produced subcutaneous nodules in monkeys by 
rubbing material from the spleen of a case of kala-azar into the skin, 
and by subcutaneous injection of a culture of Leishmwnia danovam. 

The organism of infantile kala-azar is readily transmitted to dogs 
and monkeys. Other animals, as rabbits, guinea pigs, rats and mice, suffer 
a light infection. The organism of oriental sore is readily transmitted 
from man to man ; from man to monkeys and dogs ; from monkey to 
monkey ; from dog to dog ; and from cultures to man, dog, and monkey. 
Gonder obtained general infection of mice by intraperitoneal and in- 
travenous injection of cultures of Leishmania tropica, the mice de- 
veloping in addition ulcerations on the feet and tail. Row got general 
infection of mice by injection of culture of Leishmania tropica; but there 
were no skin ulcerations. 

Spontaneows Occurrence of Infection in Animals . — Donovan exam- 
ined 1,150 dogs in Madras, and did not find any of them infected with 
leishmania. Castellani has reported a spontaneous infection in a dog 
in Ceylon. 

Nicolle and his associates suggested that domestic animals were con- 
nected with the spread of infantile kala-azar; and they found four dogs 
infected with leishmania among 253 dogs examined in Tunis. The 
leishmania were morphologically and culturally identical with the para- 
site in man. Other investigators have found dogs infected with leish- 
mania in a number of places about the Mediterranean. The percentage 
of infection among dogs varied in different regions, and the regions with 
the highest percentage of infection among dogs were not the regions 
with the largest number of cases in the human. In Tunis, 1.8 per cent, 
of the dogs were infected; in Athens, !I3.75 per cent.;* in Lisbon, 5 per 
cent. ; in Rome, 16 per cent. ; in Malta, 14 per cent. ; and in Messina, 
18 per cent. The organisms are found in the spleen, liver and bone- 
marrow. The infection appears in two forms in dogs: an acute and a 
chronic. In the acute form, usually attacking young dogs, the disease 
sets in with fever, rapid emaciation, and weakness in the hind quarters, 
and the dog dies in three to five months. The chronic form usually 
affects older dogs, and they frequently appear entirely normal. Sergent 
and his coworkers in Algiers, in a house where there was a child with 
kala-azar, found a kitten with a few parasites in the bone-marrow. At- 
tempts to transmit the infection from dog to dog have failed. 

In French Guiana, Joyeux examined 12 dogs, and all were negative. 

In some regions where cutaneous leishmaniasis is present, dogs have 
leishmania ulcers about the face, as in Teheran and Brazil. Five of the 
dogs that Brumpt and Pedroso took into the forest with them developed 
leishmania ulcers, three of them on the face. 

Relation to Insects . — ^Rogers found that his cultures of the organism 

*Cardamatia considered leishmania as a part of the life cycle of piroplasma; and 
.this percentage may he too high. ^ 
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from Indian kala-azar grew better when he acidified the sodium citrate 
solution with citric acid, and he suggested that this might indicate an 
adaptation to the acid contents of the stomach of insects, and thus indi- 
cate insects as the transmitter. He suggested the bedbug as the trans- 
mitter; but all of his experiments were negative. Patton followed up 
experiments with a number of biting insects, but he got multiplication 
of the organisms only in the bedbug {Cimex roiundatus) : three days 
after feeding, the stomach of the bug contained flagellate forms that were 
identical with the flagellates in cultures, and rosette forms were pres- 
ent. Donovan suggested that a cone-nose, Conorhinus ruhrofasciatm^ 
was the transmitter; but there is no experimental evidence that this is so. 

Basile carried out a series of experiments to determine whether biting 
insects transmitted the organism of infantile kala-azar; and he found 
leptomonas form flagellates in the stomach of fleas that were taken on 
children with kala-azar and on dogs with leishinania infection. He 
also showed that fleas, Ctenoccphalus caiiis and Pidex irritans, that had 
fed on cases of infantile kala-azar and on dogs infected with leishmania, 
would transmit the infection to dogs. Basile considered that this work 
not only proved the possibility of transmission of leishmania by fleas 
in the Mediterranean regions ; but that it also made it very nearly certain 
that the leishmania of the dog in those regions is the same as the leish- 
rnania of infantile kala-azar. Later work has not confirmed Basile ’s 
finding of the transmission by fleas. 

There is little experimental work on the relation of insects to the 
organism of cutaneous leishmaniasis. In the regions where oriental sore 
is found, it is commonly considered that insects are the transmitters of 
the infection ; and house-flies are commonly incriminated. Most ex- 
periments with house-flies have indicated that the organism of oriental 
sore dies in a few hours in the stomach of the fly; but Cardamatis and 
Melissidis found typical leishmania (not flagellates) in the intestine of 
flies, six days after feeding, and they suggest that the infection may 
result from organisms contained in the feces of the fly. Mosquitoes have 
been incriminated. Wenyon experimented with a number of insects; 
and v;as able to find development of flagellated forms only in bedbugs 
and mosquitoes (Stcgoniyia fasciaia). But he was of the opinion that 
this did not indicate that these insects were the transmitters of the in- 
fection, but that the large amount of blood they had taken in acted as 
a culture medium for the organisms. Wenyon thinks that house flies, 
and more commonly mosquitoes or phlebotomus, are the transmitters. 

In South America, biting flies are commonly incriminated. The his- 
tory is usually that the person was bitten while in the woods, as indi- 
cated by the name ‘‘forest yaws^'; and it is commonly a tabanid fly 
that is incriminated. Brumpt and Pedroso think tabanidaB are the 
most probable transmitters of American leishmaniasis ; and they suggest 
the name “American forest leishmaniasis.'' They consider that the mul- 
tiplicity of the sores means that the transmitter returns repeatedly 
to feed ; and the tabanidse do that. In Colombia, mucocutaneous leish- 
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maniasis is so closely associated with the bite of a reduviid bug, that the 
name for the disease is ‘‘picada de pito^' (meaning ^^magpie’s bite’’), 
pito being a local name for a reduviid bug. 

It is uncertain whether the organism is mechanically transmitted 
by different insects, or is transmitted by some insect as intermediate 
host, with a cycle of development in that insect. 

Immunity, — Practically nothing is known regarding immunity after 
kala-azar under natural conditions, as most of the cases progressed to 
a fatal termination, until the use of antimony in treatment. In the 
dog and monkey, some months after recovery from an attack of ex- 
perimental kala-azar, there is immunity; but for a few weeks after 
recovery there seems to be increased susceptibility to infection. 

An animal that is infected with, or has recovered from, kala-azar 
is immune to infection with the organism of oriental sore. 

After recovery from oriental sore, there is increased resistance against 
kala-azar; but it does not amount to immunity. 

During infection with oriental sore, there is decreased resistance to 
infection with the organism of oriental sore, as is indicated by the mul- 
tiplicity of the ulcers in a large jmrt of the cases. 

On the other hand, after recovery from oriental sore, there is im- 
munity to further infection with the organism of oriental sore; and 
this fact has been taken advantage of by the natives in some localities, 
who inoculated the children with oriental sore on a covered part of the 
body, in order to protect them against danger of future infection with 
the possibility of scar formation on the face. 

Relation of the Organisms in Leishmaniasis, — There is a constantly 
increasing amount of evidence that the organisms causing the different 
clinical forms of leishmaniasis, in different parts of the world, are 
merely varieties of one or two species. A clinical difference between 
American leishmaniasis and oriental sore has been the frequency of 
involvement of the raucous membranes in the American variety. But 
Castellani and Chalmers observed two cases of oropharyngeal ulcera- 
tion in Europeans who had lived for some time in India — in one case 
they found leishmani in scrapings from the ulcers; Christopherson ob- 
served a case of naso-oral leishmaniasis originating in Sudan; and La 
Cava noted a similar condition in Italy. 

The earlier cultural and animal inoculation differences have been 
overcome. Wenyon believes that kala-azar, Indian and infantile, is 
due to one organism, Leishmania donovani; and that probably oriental 
sore and American leishmaniasis are caused by one organism, Leish- 
mama tropica. On this basis, the name, Leishmania infantum, given by 
Nicolle to the organism in infantile kala-azar, becomes a synonym of 
Leishmania donovani; and the names Leishmania brasUiensis, given by 
Vienna to the organism in American leishmaniasis, and Leishmania 
mlotica, given by Brumpt to the organism found by Thomson and Bal- 
four in keloid-like skin nodules in Egypt, become synonyms of Leish- 
mania tropica. 

The conditions caused by leishmania are most conveniently discussed 
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under two headings? (1) Visceral Leishmaniasis, and (2) Cutaneous 
Leishmaniasis, depending on whether the lesions are in the viscera or 
in the skin. 


VISCERAL LEISHMANIASIS 

{Indian Kala^Azar — Infcmtile KalorAzar) 

In the Indian kala-azar, which is found in Assam, Madras, Ceylon, 
China, Indo-China, Dutch East India, Arabia and Sudan, the patients 
are generally older children and adults. Mackie reported 195 cases from 
Assam, of which 100 cases were in children from six to ten years old. 
In the infantile kala-azar, which prevails around the Mediterranean — in 
Tunis, Algiers, Italy, Greece, Malta, Triest, Portugal and probably 
the entire Mediterranean region — 90 per cent, of the patients are chil- 
dren under four years old. 

Clinically, both forms of kala-azar are characterized by an acute or 
chronic febrile course, with anemia, enlargement of the spleen and later 
the liver, a tendency to hemorrhages, gangrene and dysenteric symp- 
toms, and tending to end fatally. 

The spleen enlarges early, and comes to reach the middle line and 
down to the crest of the ileum, or larger. At times the liver is en- 
larged and there is ascites, due, according to Rogers, to a special form 
of cirrhosis of the liver. 

Epidemiology. — In India, there is evidence that kala-azar is a house 
disease, and a number of persoj*s in a house may have the disease. In 
the same way, it appears that sleeping in a house where there is a case 
of kala-azar frequently leads to infection. On the other hand, there 
are instances where a person with the disease has associated with other 
persons for a long time without any one contracting the disease from 
him. Neither does the infection spread in hospitals, where vermin are 
not present. All of this indicates that the infection is spread by some 
biting arthropod, and not by contact; and the bedbug is strongly sus- 
pected of being the transmitter. 

The usual history is that an infected person came into a village, 
and that the disease spread from the house in which he lived. 

The organisms are present in the intestinal ulcerations; and it has 
been suggested that they are spread in the urine and feces. There is 
no evidence to support this suggestion; and the fact that 300 yards is 
sufficient distance to afford protection against infection seems to rule 
out flies and mosquitoes as the transmitter. 

In regions where infantile kala-azar is found, the dogs are infected 
with leishmania ; but the greatest incidence of the disease in the human 
does not necessarily correspond with the greatest incidence of infec- 
tion in the dogs. While there are experiments which tend to show that 
the dog flea and the human flea transmit the infection, all recent work 
has failed to confirm that view. 

Meohanism of the Disease Process. — In the present state of our 
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knowledge, it is not possible to explain the entire disease process ill 
leishmaniasis. The organism, introduced into the body, probably by a 
biting arthropod, enters the endothelial cells, and multiplies there by 
simple fission. The infected cell breaks down and the liberated parasites 
invade other endothelial cells, polymorphonuclear leukocyte, endothe- 
lial leukocytes and sometimes eosinophils. The parasites are especially 
numerous in the endothelial cells in the spleen and liver, less numerous 
in thof. bone-marrow, where they are found mainly in the mononuclear 
cells. The organisms are found in smaller numbers in various other 
tissues. Some of the parasites, escaping from the ruptured endothelial 
cells, are taken up by the polymorphonuclear leukocytes, and appear in 
the peripheral circulation. 

Maggiore considers that the anemia of kala-azar is due to alterations 
^j|n the tissue of the bone-marrow ; that is, the anemia is due to injury 
to the blood-forming tissue, and is not due to destruction of the red 
cells. It may well be that the leukopenia, due to reduction of the 
polymorphonuclear leukocytes, is a result of the same action on the bone- 
marrow, while the increased endothelial leukocyte count is due to the 
involvement of the endothelial cells in different parts of the body. The 
ulceration of the intestinal mucosa and the skin is in all probability 
due to shutting off of the blood supply from plugging of the capillaries 
by the proliferation and swelling of the endothelial cells. The hemor- 
Krhages are probably due to the degeneration of the endothelium of the 
capillary walls and to the lowered coagulability of the blood. The sec- 
ondary infections and gangrene are undoubtedly' favored by the de- 
crease in the number of the polymorphonuclear leukocytes. 

Symptomatology. — CiiiNiCAL History. — The incubation period is, ac- 
cording to Rogers, from three weeks to several months. Manson saw 
a case in which the incubation period was apparently not over ten days. 

The first symptom is an irregular fever, which usually shows two 
remissions in the twemty-four hours — ^the ‘'double quotidian'' fever of 
jBogers. In some cases there is a low grade continuous fever. After 
three to six weeks of this irregular fever, there are periods of freedom 
from fever; but the condition progresses, and later there is a continuous 
fever to the end. 

Gastro-intcstinal symptoms appear early; nausea and vomiting are 
not common; but the bowels are irregular, with a tendency to diarrhea. 

The spleen enlarges, and comes to fill the abdomen, so the outline 
of it can be seen through the abdominal wall. The liver does not en- 


large so early or so much ; the spleen and liver may be painful 
tender. ^ 

The skin becomes dry and furfuraceous, and becomes dark or earthy 
in color. The hair is brittle and falls out. A papular eruption fr^r 
quently appears on the forearms, lower part of the body and legs. The'^' 
eruption may itch at times; there may be areas of edema in the skin; ? 
and there may be small ulcers in the papules, or there may be 
ulcers, especially on the foot or leg. 



are common in kala-azar. 


Hemorrhages in 
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may appear as purpuric spots, especially on the face and body ; or ... 
there may be extensive ecchymoses, especially where there is pressure. ^ 
There may be nose-bleed, and hemorrhage from the gums or any part 
of the gastro-intestinal tract. There may be hemorrhage on the serous 
surfaces, as peritoneum, pleura and the meninges. 

The early gastro-intestinal disturbances continue; and from being a 
simple diarrhea, the stools come to consist of blood and mucus, and 
a dysenteric attack may end the process. ^ 

Gangrene is common, especially about the mouth, and Christophers % 
saw gangrene of the vulva and of the colon. 

As the disease progressc.^, the patient becomes emaciated, until he 
is a skeleton, the abdomen being protuberant as a result of the enlarged 
spleen. 

The patient gradually becomes more and more emaciated, there Jlf 
great weakness, and exhausting diarrheal attacks. The course of the 
disease may be rapid, and the patient die in three or four months, or ' 
the disease may be more chronic, and the patient live for one or two 
years. It is common for some intercurrent affection, as i)neumonia 
and septic conditions, or the dysenteric attacks, to bring the case to 
a close. 

Laboratory Findings. — The blood shows an anemia, the red cells 
being as low as two million, and the hemoglobin being reduced in pro- f^ 
portion. There is marked leukopenia, the reduction being at the ex-% 
pense of the polymorphonuclear leukocytes; and there is a relative, 
and at times an absolute, increase in the number of endothelial leuko- 
cytes and lymphocytes. There is a decreased coagulability of the blood, 
and Archibald found a decrease in the alkalinity of the blood in eases ^ 
of kala-azar in Sudan. 

Diagnosis. — Ci^inical Diagnosis. — The princij)al reason for consider- 
ing the clinical diagnosis is to point out the necessity for a laboratory 
diagnosis. 

The disease is frequently confused with malaria, the only pointi 
being the double daily rise in the temperature, and the absence of 
constitutional symptoms in keeping with the fever, in kala-azar. Later 
in the disease, the dysenteric attacks have to be differentiated from 
amebic and bacillary dysentery. The infantile form has to be differen- 
tiated from leukemia and various anemias. 

Laboratory Diagnosis. — The blood in kala-azar shows a decrease in 
the number of red cells, down to two million, with a correspond- 
,ang decrease in the hemoglobin percentage. There is a leukopenia; the 
total leukocyte count being below 3,000, often down to 1,000, or even 
down to 625 per cubic millimeter. This leukopenia is due to a de- 
crease in the polymorphonuclear leukocytes, which are as low as 20 
5per cent., or even down to 5 per cent., of the total leukocytes. There 
is a relative increase in the mononuclears ; and often an absolute increase, 
in the endothelial leukocytes. 

The diagnosis is definitely made only by finding the parasite* Ex- 
amim^ion of the peripheral blood should be made first, as thp parasites 
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can usually be found there on careful search. Patton examined the 
peripheral blood of 84 kala-azar patients, many of them in the early 
stage of the disease. He found leishmania in 42 of the cases on the first 
examination, and found the organisms in the blood of more cases on 
repeated examination, until, on the twentieth examination, he found the 
organisms in the blood of the 84th case. The organisms are found in 
the polymorphonuclear leukocytes and also in the endothelial leukocytes. 
Examination of the peripheral blood will also rule out leukemia. 

The superficial lymph glands are frequently enlarged, and leishmania 
may be found by puncture of one of these enlarged glands. 

The organisms can be found in the juice obtained by splenic punc- 
ture; but splenic puncture is contra-indicated when there is ascites, 
marked anemia, jaundice, strong tendency to hemorrhage, or severe 
complication as pneumonia. When puncture is to be done on such 
cases, Rogers gives 20 grains (1.3 grams) of calcium lactate on the 
evening before, and repeats it shortly before the puncture. The needle 
should be as small as can be used ; a pad is bound over the splenic area 
after the operation^ and the patient is kept in bed for twenty-four hours. 

The organisms are found in the liver and bone-marrow. The bone- 
marrow may be punctured by drilling into the head of the tibia. Liver 
puncture is not as good as spleen puncture for diagnosis. 

Leishmania are found in the papules and ulcerations of the skin, in 
blisters jiroduced by the application of a vesicant to the skin, and in the 
feces, free or in shreds of mucus. 

Blood-culture on Nicolle’s modification of the Novy-MacNeal medium 
is frequently positive. 

Complement-fixation has been tri^, but has not given practical re- 
sults. 

V Complications. — Secondary septic infections are common ; especially 

cancrum oris, pneumonia and pleurisy. Apparently part of the diarrhea 
and dysentery is due to secondary infection of the ulcers in the in- 
testine. Cystitis is not uncommon. As might be expected, tuberculosis 
is not an infrequent complication. 

While the decrease in the number of polymoiphonuclear leukocytes 
probably accounts for the frequency of secondary infections, which 
so commonly prove fatal, on the other hand, there are cases where a 
secondary infection, as cancrum oris, seems to have increased the re- 
sistance of the body to such an extent that there is improvement or 
even cure of the kala-azar. 

treatment. — P rophylaxis. — ^In India, the best results are obtained 
by abandoning infected villages, and putting the village on a new site. 
At times, it may be sufficient to abandon infected houses. The evidence 
now is that bedbugs are the transmitter, and it is to be remembered 
that these bugs will live for months in a house without feeding; so it 
is practically necessary to destroy an infected house. 

The results of treatment at Shillong led Knowles to suggest that 
it may be easier to thoroughly treat all cacses than to carry out houfi^old 
rembvals over long periods of time. 
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Around the Mediterranean, it seems advisable to direct prophylactic 
measures toward the dog as the reservoir of the infection. Children 
especially should not be allowed to associate closely with a dog, and 
infected and stray dogs should be destroyed. 

Curative Treatment. — Since the various compounds of antimony 
have come into use in the treatment of leishmaniasis, it appears that 
the drug is very nearly specific for the disease. Antimony and potas- 
sium tartrate is commonly used in 1- or 2-per-cerit. aqueous solution, in- 
jected intravenously. The first dose is 5 c.c. (1.35 fluid drams) of this 
solution. If the first dose is well borne, 10 c.c. (2.70 fluid drams) of the 
solution is given every other day. 

Di Cristina and Caronia treated eases of infantile kala-azar with a 
1 per cent, aqueous solution of antimony and potassium tartrate intra- 
venously, with satisfactory results. They began with a dose of 20 mg. 
(% of a grain), and increased the dose to 100 mg. (1.54 grains), giving 
the injections every other day. They used a total amount of 250 to 840 
mg. (4 to 13 grains) to cure a case. 

Knowles advises a 1 -per-cent, solution of antimony and potassium 
tartrate in xAiysiological salt solution for intravenous injection. The 
course of treatment consists of about 18 to 20 injections, beginning with 
4 c.c. and increasing the dose to 12 c.c., with a two-day interval between 
injections. This gives a course of 2 grams of antimony and potassium 
tartrate, distributed over about two months, as the average course of 
treatment. The drug is cumulative, so it is not to be pushed toward 
the end of the course. The heart must be watched, and edema from 
weakness of the heart, as well as albuminuria, are indications to pro- 
ceed carefully. 

Rogers prefers sodium aintimony tartrate to potassium antimony tar- ^ 
trate in the treatment of kala-azar, for the reason that the sodium salt 
is less irritating if any of the solution escapes into the tissues about 
the vein. The sodium salt is used in the same way as the potassium salt. 

Rogers refers to three deaths that have followed the intravenous in- 
jection of potassium and antimony tartrate; and he calls attention to 
the fact that at times the solutions are cloudy, and there is a heavy 
precipitate in the flasks. The solution must not be used unless it is 
clear. Almenara says that the solution of potassium and antimony 
tartrate must be filtered sterile, as it cannot be sterilized by heat. 

The injections of the antimony salt are continued for some weeks 
after the leukocyte count is normal and there is no fever. 

Before antimony came into use in the treatment of kala-azar, quinin 
was the common drug used in treatment. Frias treated a number of 
cases of infantile kala-azar with quinin, arsenic and iron; and some 
of the cases recovered and remain well after three or four years. 

The ulcers on the skin are to be kept clean, as it is very important 
to prevent secondary infections. Intestinal parasites should be gotten 
rid of, and the patient’s strength should be built up with good food 

and tonics. 

von. IV.— 14. 
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Prognosis. — ^In eases the prognosis is bad ; the mortality 

being about 95 per cent. With quinin and tonic treatment the mor- 
tality is reduced to about 75 per cent. Since the introduction of an- 
timony treatment, the mortality has been reduced to a low figure : during 
1917, 20 cases were treated by intravenous injections of antimony and 
potassium tartrate at the King Edward Institute at KShillong, with 15 
recoveries and 5 deaths. The complications are usually fatal ; though 
there may be improvement, or apparent cure, after some secondary in- 
fection, as cancrum oris. 

Pathology. — Macroscopic. — There is great emaciation, and edema 
is often present. The enlarged spleen partly fills the abdomen and can 
be seen through the abdominal wall. There may be ulcerations and 
gangrene of the skin. There may be ascites. The enlarged spleen is 
firm, dark red in color, and the capsule may be thickened. The liver 
is often, but not constantly, enlarged, and the surface is smooth. The 
marrow in the long bones is red to dark red in color. There are fre- 
quently ulcerations in the large and small intestine. Hemorrhages may 
occur into the skin, any organ, meninges or bone-marrow. When com- 
plicated by secondary infection, as noma, there may be infarcts in vari- 
ous organs; and there may be pneumonia and pleurisy as terminal con- 
ditions. 

Micitoscopic. — Visentini has described the microscopic changes in the 
organs in infantile kala-azar; and Christophers has described the micro- 
scopic changes in the organs in Indian kala-azar. 

In the spleen the trabecula? are enlarged, and there is an increase 
in the fibrous tissue throughout the organ. The sinuses are enlarged, 
and the whole organ is filled with blood, at times in the form of hemor- 
rhagic infiltration. There is at times fatty degeneration in the cells 
of the reticulum and in the endothelial cells. The endothelial cells are 
enormously enlarged, and are packed with the parasites, and, as the 
cells are destroyed, some of the parasites lie free or in masses of cyto- 
plasm. 

In the liver there is atrophy, and at times fatty degeneration, of 
the parenchyma cells, with enlargement of the sinuses. There is a 
perivascular round-cell infiltration, with increase of fibrous tissue. 
Bogers has described a diffuse, intralobular type of cirrhosis of the 
liver. The endothelial cells in the blood sinuses are enlarged, and are 
filled with parasites, the same as the endothelial cells in the spleen. 
The parasites. are not found in the parenchyma cells. 

The bone-marrow contains the parasites, often in great numbers, in 
the large mononuclear cells. 

Scordo found fatty degeneration in the kidneys and adrenals. 

In the large and small intestine there is infiltration of the mucosa, 
followed by necrosis of the epithelium, this ulceration extending as deep 
as the muscular coat. Parasites are found in the tissues about the 

The parasites are found in the lymph glands, lung endothelium, 
capillaries in the testicles, where they may be numerous, in the eapillary 
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tufts of the glomeruli in the kidneys, and in the pilules and ulceratibbs 
of the skin. They have been found in the meninges and the brain, 
especially when there is hemorrhage into those tissues. Christophers 
made a thorough examination of the muscles, and did not find para- 
sites. Visentini found the parasites in the muscles. 


CUTANEOUS LEISHMANIASIS 

{Oriental Sore — American Leishmaniasis) 

Cutaneous leishmaniasis appears in somewhat different forms in 
different parts of the world, and there has been great confusion with 
the various ulcerative conditions of the skin. But with thfe findings 
of leishmania in the lesions, a great part of the confusion has been cor- 
rected. The lesions may ulcerate or not, and the South American form 
tends to involve the mucous membrane more than does the oriental sore. 

Epidemiology. — In the tropics, cutaneous leishmaniasis generally is 
most common in the cool season ; and in the subtropical regions, it is 
most common in the lat-e summer and fall. In some regions, as Bagdad, 
it is not possible to remain for even a few days without contracting 
the infection. 

It is generally agreed that oriental sore is transmitted by some 
biting arthropod, as house-flies, mosquitoes or phlebotomus; but in no 
case has such transmission been proved. The fact that oriental sore 
can be transmitted by direct inoculation, that it is so constantly asso- 
ciated with some biting arthropod, and that it usually occurs on an un- 
covered part of the body, is strong circumstantial evidence that some 
biting arthropod is the transmitter. There is some indication that the 
infection may be transmitted by bathing in contaminated water, as well 
as through contaminated clothing. 

The fc?outh American cutaneous leishmaniasis is constantly associ- 
ated with the bite of some bug or fly, and tabanidse are generally in- 
criminated. The usual history is that the lesion followed a fly bite, 
received while in the forest. There is no proof that flies transmit the 
infection, and it is to be remembered that the first appearance of the 
lesion resembles a fly bite and frequently itches intensely ; the supposed 
fly bite may be the beginning of the lesion resulting from inoculation 
some weeks before. 

The lesions are auto-inoculable. The multiplicity of the lesions 
may be due to multiple primary inoculations, or to auto-inoculation 
from scratching a single primary inoculation. 

The suggestions that the dog or a lizard may be the reservoir for 
the virus, and that the infection may be transmitted from the reservoir 
to man by some biting arthropod, as phlebotomus, have no experimental 
evidence in their favor. 

Mechanisin of the Disease Process. — Unna considers that the para- 
sites enter the hair follicles, and from there penetrate the sp.r|^ounding 
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oorium. It can well be that tJie parasite is inoculated directly into the 
corium by the biting arthropod, and that the process starts from there. 
The organism is a parasite of the endothelial cells, and is found in 
enormous numbers in these large cells in the affected area. The endo- 
thelial cells of the capillaries are swollen and proliferated, and may 
cause blocking of the vessels. This blocking of the capillaries, together 
with the abundance of endothelial leukocytes, plasma cells, and the 
smaller number of polymorphonuclear leukocytes collected at the site 
of the lesion, cause destruction of the tissue with the resulting ulcer 
formation. There is some evidence that the enlargement of the lymph 
glands is due to presence of parasites, and that fever corresponds to 
parasites in the blood. 

The tendency of the lesion is to recovery — ^by what mechanism is 
not clear — and the ulcer heals, leaving a thin, soft scar, that is often 
brownish in color and may shrink considerably, causing disfigurement 
if on the face. There is immunity of some duration, possibly for life, 
following recovery. 

The mucous membrane involvement may be by direct extension from 
a lesion on the neighboring skin, or may result from infection from 
a sore on some distant part of the body, either by auto-inoculation or 
through the blood. The mucous membrane involvement may not appear 
for months after the primaiy sore on the skin has healed. Caution is 
necessary in interpreting the relation of the mucous membrane involve- 
ment and the skin lesion, on account of the danger of confusion of 
other lesions, especially blastomycosis, with cutaneous leishmaniasis. 

Symptomatology. — Clintcal. History. — The incubation period varies 
from two weeks to three or more months ; the average being about two 
months. The patient frequently connects the lesion with the bite of 
some arthropod, often a fly; and, especially in South America, the bite 
is frequently received in the forest. 

The lesion is almost always on an uncovered part of the body, as 
the foot and leg, hand, arm or face. At first there is a small red fleck, 
like a mosquito bite ; and this soon develops a papule in the center, and 
may itch intensely. This papule enlarges gradually, without there being 
any inflammatory reaction around it. The epidermis becomes smooth 
and covered with thin scales from the hyperkeratosis ; after some weeks 
it breaks and a serous secretion escapes and dries to form a hard crust 
on the surface. This crust may heap up, and appear like a syphilitic 
rupia. If the crust is removed, the chronic ulcer, with a yellowish secre- 
tion, remains. There may be only one ulcer ; but more commonly there 
are several — ^up to twenty — partly from multiple primary inoculations, 
and partly from repeated auto-inoculation from the primary sore. The 
ulcer continues for a number of months to a year, and then heals by the 
formation of healthy granulations in the floor. 

At times the nodule does not ulcerate, but appears as a nodule in the 
cutis, as large as a pea, not adherent to the underlying tissues. The 
nodule gradually disappears, with or without any desquamation over 
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the surface where the nodule was located. The keloid-like nodules appear 
as cystadenomata of the skin, and do not ulcerate. 

At other times, the ulcer appears as any ordinary chronic ulcer. 

At times the lymph glands, especially in the region of the ulcers, are 
enlarged ; but it is not possible to determine how much this may be due 
to secondary bacterial infection. 

In South America there is a frequent involvement of the naso-oral 
mucous membrane, ^either by direct extension of a lesion on the neigh- 
boring skin, from auto-inoculation from an ulcer on some other part of 
the body, or through the blood stream. The lesions of the mucous mem- 
brane sometimes do not appear until as much as eighteen months after 
the ulcer on the skin is healed. The patient’s voice is changed, and is 
finally lost as the involvement of the pharynx and larynx progresses. 
These naso-oral lesions are very chronic, often lasting a number of 
years, and are usually fatal. 

During the progress of the condition, it is not uncommon for the 
patient to have attacks of fever, malaise and headache; but it is not 
possible to say how much of this may be due to secondary bacterial 
infection. Mild fever and malaise is not uncommon during the* incuba- 
tion period, and before the appearance of a new boil. 

The duration of the various forms of leishmaniasis of the skin is 
usually a number of months to a year; and it is sometimes known as 
‘‘year’s boil.” 

Diagnosis. — Clinical Diagnosis. — There has been a great amount 
of confusion of the various chronic ulcerations of the skin; and it is 
difficult to say whether some of the older cases are cutaneous leish- 
maniasis, yaws, syphilis, tuberculosis, blastomycosis or some of the 
milder skin affections. It is very important to differentiate cutaneous 
leishmaniasis from blastomycosis, especially as both conditions are apt 
to involve the mucous membranes of the nose and mouth. With the find- 
ing of the specific parasite in the lesions, the diagnosis becomes possible ; 
and it is not possible to make a diagnosis in any other way. 

Laboratory Diagnosis. — Remove the crust, and make smears from 
scrapings from the floor and edges of the ulcer, and stain with one of 
the Romano wsky stains. The parasites may not be numerous, especially 
in the mucous membrane lesions. 

The blood may show an increase in the number of endothelial leuko- 
cytes. At times, when there is secondary infection of the ulcer, there 
may be a leukocytosis. 

At times it is possible to obtain a culture of the parasites from 
scrapings from the ulcer, when inoculated onto Nicolle’s modification 
of the Novy-MacNeal medium. Very rarely it may be possible to obtain 
a culture of the parasite from the peripheral blood. 

Treatment. — Prophylaxis. — The belief that the infection is trans- 
mitted by the bite of a fly indicates that one should protect himself 
against such bites; and, in South America at least, this would seem to 
be important when going into the forest. As it has been shown that 
infection can take place through inoculation of the infectious material 
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onto a scarified area of the skin, or through a bleb on the skin, it is 
important to protect such abrasions from flies. The lesions should early 
be protected with a dressing, as the infection is inociilable and auto- 
inoculable. 

Curative Treatment. — It was in the treatment of cutaneous leish- 
maniasis in South America that the excellent results of antimony were 
first shown ; and the use of the drug in other forms of leishmaniasis has 
given equally good results. 

Machado and Vianna, in 1913, treated cases of cutaneous leishmania- 
sis with intravenous injections of a 1 per cent, solution of potassium 
and antimony tartrate, and obtained excellent results. Since that time, 
the antimony treatment has practically supplanted all other methods 
of treatment in all forms of leishmaniasis. The method of treatment 
is the same as given under kala-azar. The results have not been so 
satisfactory in the treatment of the lesions of the mucous membranes. 

Some authorities apply a solution of potassium and antimony tar- 
trate to the ulcer, in addition to the intravenous injection of the solu- 
tion. A 1- to 2-per-eent. solution may be applied at intervals of one 
to three days; and a saturated solution is applied every four to eight 
days. The ulcer receives mild antiseptic dressings in the intervals. 
This treatment causes a slough to form, and healthy granulations then 
appear in the floor of the ulcer. 

Mitchell treated a number of cases by freezing with carbon dioxid 
snow. 

Prognosis. — The prognosis in uncomplicated cutaneous leishmaniasis 
is good. There may be secondary infection with bacteria, which may 
lead to a fatal termination. Erysipelas may result from secondary in- 
fection of the ulcers. The mucous membrane involvement is more 
serious, and, until the introduction of antimony in treatment, was almost 
uniformly fatal. 

Pathology. — Macroscopic. — The developed ulcer is circular or oval, 
an inch or more in diameter, with a raised skin margin; and covered 
with a thick hard crust, brownish-yellow in color, and raised above the 
surface. On lifting the crust, the ulcer is seen to have a steep, jagged 
margin, with the floor covered with pale, unhealthy granulations. There 
is little induration around the margin of the ulcer. 

Thomson and Balfour describe the non-ulcerating, keloid-like lesions 
as resembling the mountains on a relief map, looked at from above. 
There is a parent lesion, and connected secondary growths. The lesions 
are pink in color, smooth and shiny, with no scaling or evidences of 
breaking down. They are firm, but soft, and not adherent to the deeper 
tissue. On puncture, they yield blood and serum or a small amount 
of cheesy, sebaceous-like material. The largest lesion was 35 by 15 ilgm. 

In the involvement of the mucous membranes, the earlier appearahoe 
is that of granulations, and later there are vegetations and extensive 
ulceration. 

Microscopic. — The characteristic of the process is the formation 
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of areas of cellular infiltration in the cutis, with marked change in the 
overlying epidermis. 

Jeanselme and Rist describe marked thickening of the rete malpighii, 
with incomplete keratinization of the corneal layer of the epidermis-, 
while Unna and Wright describe thinning of the overlying epidermis. 
It is probable that the thinning is merely a later stage of the change 
in the epidermis, especially as Unna describes thickening and hyper- 
trophy of the rete mali)ighii and hyperkeratosis with the formation of 
epithelial pearls around the margin of the ulcer. There is edema of 
the rete malpighii, with vacuolation of the cells. There is some cellular 
infiltration in the rete malpighii. When the epidermis is thinned, the 
hair follicles are atrophied, and are transformed into homy masses. 

The crust is composed of cornified epithelium mixed with fibrin, red 
blood-cells and leukocytes in all stages of degeneration, and cellular 
debris. 

In the keloid-like lesions, the change in the epidermis is marked, 
and there is no evidence of breaking down of the epidermis. There are 
down-growths of columns of cells from the rete malpighii, with the 
formation of cell nests and epithelial whorls. 

The infiltrated areas in the cutis consist of edematous masses of 
lymphocytes, plasma cells, endothelial leukocytes, a few giant cells, red 
blood-cells and fibrin, and polymorphonuclear leukocytes. The endo- 
thelial cells of the blood-vessels are swollen and j)rolife rated, sometimes 
occluding the vessel. In the center of the area, the tissue breaks dowm 
to a necrotic mass. Around the margin of the infiltrated area, the 
cells are less numerous, being mainly lymphocytes and plasma cells, 
this infiltration extending especially about the blood- and lymph-vessels. 
In the periphery there is multiplication of the fixed tissue cells. When 
the epidermis breaks down over the areas of necrosis, the ulcer results. 

The parasites are generally found in the endothelial cells; but they 
are also found in the polymorphonuclear cells. Not infrequentlj’' para- 
sites are found free, probably from the breaking down of endothelial 
cells. P^lagellated parasites have been reported from ulcers. Vianna 
found the parasites in plain muscle-fibers in the wall of a blood-vessel 
in the tissue near an ulcer on the nose of a dog. 

In the lesions on the mucous membranes, the picture is that of granu- 
lation tissue, with a rather small number of endothelial leukocytes, but 
with an abundance of lymphocytes and plasma cells, and some giant 
cells. The parasites are not abundant in these lesions. 

There is nothing characteristic in the microscopic appearance of 
the enlarged lymph glands. Parasites are found, usually in clumps, at 
times in polymorphonuclear cells : there is no infiltration with endo- 
thelial cells. 

In the blood there may be an increase in the number of endothelial 
leukocytes. The parasites have been found in the peripheral blood ; but 
this is generally considered to be an accidental escape of the parasites 
into the blood from the local lesion, rather than an indication that the 
ulcer is a local manifestation of a general disease. By some authori- 
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ties it is held that the mucous membrane involvement may be through 
the blood from a skin lesion^ as the mucous membrane lesion may appear 
months after the skin ulcer has healed. 
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Synonyms. — Febris recurrens. Tick fever, Famine fever. 

Definition — The term “relapsing fever” is applied to a group of 
specific fevers which closely resemble each other clinically, caused by 
blood spirochetes, and characterized clinically by one to four or more 
paroxysms of fever, each lasting five to six days, with an afebrile inter- 
val of about six days. 

Etiology. — Predisposing Causes. — ^Relapsing fever occurs epidemi- 
eall.y, endemically and sporadically. It prevails especially under con- 
ditions of filth and overcrowding, and during times of privation and 
famine. In India, it is common in jails and police hospitals; while 
Rabinowitsch, who studied relapsing fever in Russia, finds that typhus 
fever is more commonly favored by conditions such as exist in asylums. 

Season . — It is generally found that relapsing fever prevails more 
in winter; probably as a result of greater crowding, privation and 
insanitary conditions at that season of the year. Rabinowitsch studied 
an epidemic in Russia in 1906. The epidemic began in January, 1906, 
and gradually increased to December of that year: the number of cases 
fell in January, 1907, rose again in March and had decreased slightly by 
May, 1907. Robledo says the disease in Colombia is most frequent in 
March and April ; and that it is not rare in October and November. 

Age and Sex , — Rabinowitsch found that relapsing fever was more 
common among persons frjpm 15 to 30 years of age; and that it was over 
three times as common among men as among women. However, he is 
of the opinion that this prevalence among young men is due to the fact 
that these are the persons who would be crowded together, under un- 
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hygienic conditions, as laborers; and that there is no difference in age 
or sex susceptibility. 

Exciting Cause: the Organism. — Relapsing fever is caused by or- 
ganisms which are commonly classed as protozoa and placed in the 
flagellata; or they are classed as transition forms between the bacteria 
and the flagellata of the protozoa ; or they are classed with the bacteria. 
Whether the spirochetes causing relapsing fever in different parts of 
the world are different species or arc varieties of one species is difficult 
to say. For the present, the different morphological and biological dif- 
ferences make it advisable to consider them as different species. It is 
useless to discuss genera in the spirochetes until there is agreement as 
to whether they belong to the bacteria, to the protozoa, or are separate 
groups. 

Morphology, — The spirochetes of relapsing fever arc 8 to 40 /a, usually 
17 to 30 /Li, long, and 0.3 to 0.5 /a in diameter, the Central African re- 
lapsing fever spirochete being generally considered as larger than the 
others. In stained preparations it is not possible to make out any 
structure, though there are irregularities of staining in the interior that 
are considered by some observers to represent granules of chromatin. 
There is no evidence of an undulating membrane. The ends are pointed, 
and a flagellum on one end is described by most observers. The flagella 
described along the sides of the organism are considered to be artefacts. 
There are 3 to 6, or even 10, curves in the body. 

In the living preparation, the spirochetes are seen to have three 
kinds of motion: (1) a corkscrew-like motion, (2) a wave-like forward 
and backward movement, and (3) lateral bending and looping move- 
ments. The movement of the spirochetes is most active at the height of 
the fever attack. 

Resistance to Physical and Chemical Conditions, — The spirochetes re- 
main alive for a day or more under the cover glass when sealed, and 
they remain alive for w^eeks in the ice-box. Novy and Knapp kept them 
alive for 40 days in blood drawn in the beginning of the attack of fever, 
and they lived 30 days on blood agar without multiplying. They remain 
alive for some days in the blood of leeches. 

They are killed in the blood in half an hour at 45° to 48° C. They 
are quickly killed by chemical agents. 

Development. — (a) In the Vertebrate Host. — The spirochetes appear 
in the peripheral blood in large numbers during the attack of fever. 
Whether multiplication is by longitudinal or transverse division is dis- 
puted. Shortly before the crisis the spirochetes roll up, and part of 
them are taken up by the endothelial cells of the spleen, liver and 
bone marrow. Others assume a cyst-like form, and are seen to break 
up into fine granules. By some authorities, it is considered that this 
cyst-like form is a resistant stage ; and -that the granules are the forms 
which develop the new generation for the relapse, and can also pass 
through a bacterial filter. Todd and Wolbach showed that Spirochceta 
duitoni^ in the blood-serum of a rat, would pass through a Berkefeld 
filter that took out Bacillus prodigiosus and Staphylococcus aureus, at 
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over 50 pounds pressure; but not at atmospheric pressure. However, 
Todd doubts whether spirochetes are filterable in the usual sense of the 
term. 

Spirochetes are found in the peripheral blood at each relapse, but 
not during the interval between relapses. 

(6) In the Arthropod Host, — ^I. Ticks: The development of 
Spirochceta duttoni in the tick, Ornithodoriis moubata, was studied by 
Dutton and Todd, and by R. Koch. Dutton and Todd found motile 
spirochetes in the stomach and malpighiaii tubes of infected ticks for 
five weeks after feeding; and they found that ticks, hatched from eggs 
laid by infected ticks, could transmit the infection to monkeys. Koch 
found that, four days after feeding, the spirochetes had disappeared 
from the stomach of the tick, and had collected in the ovaries; and 
that the spirochetes enter the eggs and multiply there, being visible up 
to the twentieth day of development of the embryo. Koch did not find 
spirochetes in the embryos after twenty days; but they are present, as 
the young ticks transmitted the infection to monkeys. 

While the infection of the ovaries accounts for the transmission 
of the infection to the next generation of ticks, the adult tick itself is 
also infectious after feeding on infected blood. The form in which the 
spirochetes exist in the body of the tick has been a subject of discussion. 

Leishman studied the development of the spirochete in the tick, 
and only occasionally could ho find the spirochetes in the eggs. He found 
that the spirochetes were not present longer than ten days in the stom- 
ach of the tick ; but that they broke up into small coccus-like or ovoid 
granules of chromatin. These granules jiass to the nialpighian tubes 
and to the ovaries, entering the unrii>c egg and infecting the embryo 
that develops in that egg. These bodies in the nialpighian tubes and 
in the coxal glands are dciiosited on the skin when the tick bites. 

A number of workers have studied the granules in the various or- 
gans of ticks ; and some have found granules in the organs of ticks 
which had not been infected. Wittrock found granules in the tissues 
of unfed offspring of uninfected ticks. Most workers are of the opinion 
that the granules found in ticks are not a phase in the life-cycle of 
spirochetes ; but Leishman has recently reaffirmed his belief that these 
granules are such a phase. 

Marchoux and Convey state that the spirochetes do not disappear 
from ticks, but that they are fine and are difficult to see. They consider 
that infection takes place through inoculation of spirochetes as such. 
Kleine and Eckard found spirochetes in the ovaries, coxal glands, mal- 
pighian tubes, cephalic glands, stomach and salivary glands of ticks; 
and they found spirochetes in the eggs laid by infected ticks. They 
found comma-shaped bodies in ticks, but infection was not produced 
by injecting these bodies; and they conclude that spirochetes as such 
are necessary for the tick to transmit the infection. 

Regardless of the form in which the spirochetes exist in the body of 
the tick, it seems definitely agreed that infection is from contamina- 
tion with the secretion of the coxal glands and feces of the tick when it 
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is biting. If there is a period during which the tick is not infectious, 
it is only the time necessary for the infectious form of the spirochete 
to reach the feces and coxal glands in sufficient number to produce in- 
fection. Wittrock found that emulsions of the organs of ticks were 
infectious at all times from one hour to ninety-six days after feeding 
on infected blood; and concludes that there is no cycle of development 
in the tick. The ticks remain infectious for eighteen months; and 
there is evidence that the infection may be transmitted hereditarily as 
far as the third generation of ticks. 

II. Lice: Nicolle and Blanc have studied the development of 
Spirochcpta herbera in the clothes louse. They find that the spirochetes 
disappear rapidly from the body of the insect, and no spirochetes are 
visible. The louse is not infectious until about the fifth or sixth day; 
but still no spirochetes are visible. On the seventh to tenth days, 
slender spirochetes appear in the body cavity of the louse, and the louse 
is still infectious. After the tenth day, the spirochetes are adult, and 
the louse is not infectious. No spirochetes are found after the nineteenth 
day. The spirochetes are in the body cavity of the louse, and infection 
takes place through crushing the louse on the skin. In the course 
of their experiments, a man was bitten 15,500 times by infected lice with- 
out becoming infected ; then an infected louse was crushed and placed 
on his conjunctiva, and he developed relai>siiig fever. They got evi- 
dence of hereditary transmission only occasionally. 

Rabinowitsch failed to transmit the infection with clothes lice in 
Russia; and Roble<lo failed to transmit the infection with head lice in 
Colombiav 

III. Bedbugs: Nothing is known of the development of spirochetes 
in the bedbug. Tictin and Rabinowitsch found that the spirochetes re- 
mained alive in the intestine of the bugs for 5 to 7 days after feeding 
on infected blood ; but they did not find any further development in the 
bug. Tictin transmitted the infection to monkeys by crushing bugs as 
soon as they had gorged on infected blood, and injecting the blood from 
the intestine of the bugs into monkeys. But when he waited 48 hours 
after the bug had fed on infected blood, he was not able to transmit 
the infection to monkeys by injection of the intestinal contents of the 
bugs; though he found living spirochetes in the intestine of bugs as 
long as 77 hours after feeding on infected blood. 

Rabinowitsch is of the opinion that Tictin ^s experiments do not in- 
dicate that the spirochetes undergo any development in the bedbug, as 
the immediate injection of blood from the intestine of the bug amounted 
to the same thing as injecting the blood direct from the infected per- 
son. He does not accept Tictin ’s explanation of his failure to transmit 
the infection with bugs 48 hours after feeding as due to the small num- 
ber (6) of bugs used. Rabinowitsch tried to transmit the infection to 
himself by allowing bugs to bite him immediately after, and five days 
after feeding on infected blood ; the bugs failed to transmit the infection. 

Cultivation . — ^Noguchi cultivated Spirochceta duttoni, Spirochceta 
kochi, Spirochceta ohermeieri, and Spirochceta novyi on his spirochete 
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mediTim. Hata used a simplified medium in the cultivation of SpirochcBta 
obermeieri. Some observers have described branching forms in cultures 
of the spirochetes, and have held this as an indication of the vegetable 
nature of the spirochetes. 

Transmissimi to Lower Animal!^. — Spirochata obermmeri can be trans- 
mitted to monkeys very readily ; and it can be transmitted to rats, mice 
and guinea pigs by intraperitoneal injection. Rats, mice and guinea 
pigs usually have a mild infection. 

Spirochceta dwtt07ii is readily transmitted to monkeys, either by in- 
jection of blood or by the bite of infectious ticks. Rats, mice, rabbits 
and guinea pigs are readily infected by Spirochceta dwttoni. The dog, 
pony, sheep and goat develop light infection. 

Spirochcrta herbera is readily transmitted to monkeys by the injec- 
tion of blood; or by injecting crushed infectious lice. The infection 
is not transmitted to monkeys by the bite of infectious lice. Rats, mice, 
guinea pigs and rabbits are susceptible to infection with Spirochceta 
herbera. 

Spirocha ta novyi and Spirochata carieri are both readily transmitted 
to monkeys, rats an<l mice. 

Kclation of the Spirochetes in Relapsmg Fever in Differertt Regions. 
— While there are minor differences in the morphology and animal 
susceptibility of the different relapsing fever spirochetes, it is not pos- 
sible to separate them into species on those differences; and it is not 
possible to separate them by cross immunization. But they can be 
separated by their reactions with sera which are specific against the 
different spirochetes. Thus, a highly immune sei’um, prepared by 
injecting a rabbit with Spirochata obenneieri^ will agglutinate and de- 
stroy Spirochata obernieieri; but it has no effect on any of the other 
relapsing fever spirochetes. 

Epidemiology . — It is generally agreed that the spirochetes of re- 
lapsing fever are transmitted by biting arthropods in different coun- 
tries ; but it does not appear that the spirochetes are specifically adapted 
to any particular arthropoil in a given locality. Nuttall points out 
that a number of arthrox)ods can carry the same spirochete, and that 
the same arthropod may carry a Jiumber of different spirochetes. 

The bedbug (Fig. 1) has long been considered as the transmitter 
of Spirocha'ta obernieieri ; but Tictin’s work is the only experimental 
evidence in favor of such transmission. The clothes louse has also 
been suspected ; but there is no experimental evidence that the 
infection is transmitted by this arthropod. Authorities have reported 
outbreaks of relapsing fever accompanying outbreaks of typhus, and 
considered that both were transmitted by lice. Hagler saw relapsing 
fever and typhus together in Serbia. Typhus stox)ped when lice disap- 
peared; but relapsing fever continued until the wards were fumigated 
to get rid of bedbugs. Kuelz saw relapsing fever in Serbia, and found 
it impossible to i)revent the disease by eradicating lice. 

In Central African relapsing fever, the tick has long been considered 
as the transmitter of this condition; and all experimental work confirms 
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that opinion. The infection follows caravan routes ; and the rest houses 
along the routes seem to be great sources of infection. Koch noted that 
the infection remained attached to a house for years ; and he 
suggested that, in the absence of the human, the ticks bite the rats and 
mice, and so keep up the infection in the house. It is a little difficult 
to know how such an abandoned house is infected with rats and mice, 
unless the human frequents it enough so that there will be food for rats 



Fig. 1. — CiMEX Lectuearius (Female). (X 13.) 

The mouth parts are turned forward, and the cutting parts are drawn out 
of the groove in the dorsal surface of the labium (a). The double-grooved 
mandibles (b) are drawn widely apart; the maxillae, with their serrated tips, lie close 
together (c). The distal segment of the labrum (d) is visible. 

and mice ; in that case it may well be man himself that keeps up the in- 
fection in such abandoned houses. 

Spirachcpfa berhera is transmitted by the clothes louse (Fig. 2). 

It is generally considered that Spirochceta carteri is transmitted by 
clothes lice. In Persia, miana fever, which is relapsing fever, is trans- 
mitted by a tick, Argos persicus or Ornithodorus savignyi. In addition 
to his experience in Serbia, Kuelz saw considerable relapsing fever in 
Macedonia and Persia ; and he is of the opinion that some other arthropod 
th^n lice transmits the infection, and he suggests fleas as the transmitter. 
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MouzelS; in Tonkin, found spirochetes in the stomach of mosquitoes in 
houses where there were cases of relapsing fever, while lice and bugs 
were often absent. Mouzels thinks any blood-sucking arthropod may 
transmit the infection. 

It is not known how Spirochceta n&vyi is transmitted. Robledo is of 
the opinion that it is transmitted by Argas persicus (americanus) in 
Colombia ; while Franco and his co-workers are of the opinion that it is 
transmitted by Onvithodornis turicata or possibly by Argas reflexus. 

The spirochetes can pass through the unbroken skin or mucous mem- 
brane. It is generally agreed that the infection is not transmitted by 
biting ; but that the organisms are deposited on the skin, in the feces or 



in the gland secretions of the arthropod, and are rubbed into the bite 
wound or pass directly through the unbroken skin. In the case of louse 
transmission, it seems that the important way of infection is from the 
crushing of lice on the skin. 

Infected blood, as from the menstrual flow, or from childbirth, 
rubbed on the unbroken skin, will transmit the infection. The possi- 
bility of infection through sexual intercourse should be borne in mind. 

Spirochetes are found in the blood from hemorrhages, as from nose- 
bleed ; in the bloody stools ; in the saliva ; and they have been found in 
the sweat and in the tears, when they are numerous in tlie blood. Since 
the spirochetes are present in the saliva, it does not appear that their 
presence in the sputum of c^ses of complicating pneumonia is of special 
significance. 

Rabinowitsch is of the opinion that bedbugs are not the only mjpans of 
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transmission of the relapsing fever spirochete in Russia. He failed to 
transmit the infection by the bite of bedbugs and lice ; and he says that 
bedbugs were so numerous in some places that no one could have escaped 
the infection if it was transmitted by the bugs. He also points out 
that physicians and nurses are rarely infected, though they frequently 
get bugs on their clothing. Prom these considerations, together with the 
fact that the spirochetes are found in the secretions and discharges, 
Rabinowitsch is of the opinion that infection may take place by way 
of the mouth in persons who live in the insanitary conditions under 
which relapsing fever is found. 

Darling is of the opinion that persons in the Panama Canal zone 
contract relapsing fever by visiting native villages. 

Mechanism of the Disease Process . — The parasite, entering through 
the unbroken skin or mucous membrane, or rubbed into the wound 
produced by the bite of the arthropod, undergoes some unknown form 
of multiplication. After a few days an attack of fever sets in. The 
spirochetes do not appear in the blood for some hours, or even until the 
second or third day after the onset of the fever. The fever is considered 
to be due to a toxin produced by the spirochetes. After a few days’ 
fever, the parasites disappear from the blood; and some hours later the 
temperature falls to normal. Just before the attack of fever stops, the 
blood contains antibodies which kill and dissolve the spirochetes. 

After the temperature becomes normal, no spirochetes can be found 
in the blood ; but the blood is still infetdious for another animal, and it 
remains infectious after being passed through a Berkefeld filter. There 
is discussion as to the form in which the spirochetes exist in the peripheral 
blood during the interval after the attack of fever. It is generally held 
that the spirochetes exist at this time in the “infective granule” form 
of Balfour, as described in the development of the spirochete in the 
human host. Numerous workers have found the spirochetes in the 
endothelial cells in the sj^lecn and in the bone marrow ; and Darling found 
them in the endothelial cells in the liver. This finding of spirochetes in 
the endothelial cells has led to discussion as to whether it is a part of the 
met'hanism of recovery in rela])sing fever ; and there are numerous 
authorities on both sides of the question. Darling considered that the 
spirochetes in the endothelial cells in the liver were an indication that 
this w^as a mechanism of defense; though he noted that emulsion of a 
liver that contained only a trace of blood was more infectious than was 
heart’s bloocl. Rabinowitsch found spirochetes free or in the cells, and 
is of the opinion that phagocytosis plays no part in relapsing fever ; he 
also holds that it is a strong argument against Metchnikoff ’s phagocytic 
theory. 

After a few days, in which there are no symptoms, whatever form 
of the organism exists in the body develops into spirochetes which are 
resistant to the antibodies which have been elaborated against the original 
strain, and multiply to produce another attack of fever. The same 
process is repeated, until finally the antibodies overcome the spirochetes, 
and the disease process is at an end. 
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It has been suggested that the spirochetes continue to live in the 
body of man for some time, as a labile infection ; but there is no evidence 
that this happens. It is interesting that the spirochete, at each relapse, 
has different biological reactions than it had at the previous or the subse- 
quent relapse, and these reactions remain fixed on transmission to other 
animals; but they are lost when the organism is paissed through an 
arthropod host. 

A small number of cases have no relapse. Cassaux reports that one- 
fourth of his patients had no relapse, and two-thirds of them had only 
one relapse. In Rabinowitsch ’s tabulation of 3,464 cases, 29.01 per cent, 
had no relapse ; 64 i^er cent, had one relapse ; 6.29 per cent, had two 
relapses ; 0.59 per cent, had three relapses ; 0.17 per cent, had four 
relapses ; and 0.03 per cent, (one case) had five relapses. 

Immunity. — There is immunity following an attack of relapsing fever, 
but the immunity is of short duration, infection being possible within 
forty days to six months. In Serbia, Walko saw one x^crson have 
relapsing fever eleven weeks after recovery from an attack. Jarussow 
reports that, in the Moscow epidemic in 1908, one-third of all the cases 
had second attacks. 

Ni colic and Blaizot report exjjerirnental work in which a monkey had 
relajising fever, was infected with the same virus in less lhan six weeks 
after recovery, and* was again infected with the same virus, seventy-four 
days aft(*r recovery from the second attack. 

Ai)parently there is more marked immunity after infection with 
Spirocha ta dnitani. Koch was of the opinion that natives in the endemic 
region had the disease in youth and were immune. This is not borne out, 
though the attack in youth may cause the succeeding attacks to be milder. 

The anemia is due to the destruction of the red cells by the toxin; 
and this destruction of red cells, with the disturbed function of the 
liver, leads to the hematogenous jaundice. The leuko(;ytosis is due to the 
toxin, and is polymorphonuclear; at times it may be mononuclear, but it 
is suggested that this is due to malaria or amebiasis. 

Kabinowitsch considers the cause of the pathologic changes is the 
spiroclietes and their products of metabolism. Thus, he says, the infarcts 
and hemorrhages in the spleen are due to injury of the endothelium 
by the toxin. Muhlens is of the opinion that further study along this 
line is necessary. 

Death from the disease itself usually occurs in collapse during or 
following the crisis ; or death may be due to suprarenal deficiency. Death 
more commonly results from some complication, as rupture of the spleen, 
pneumonia or myocarditis. 

Symptomatology. — CniNicAii History. — Period of Ijicuhation . — 
There is an incubation period of two to twelve days, usually five to eight 
days, during which there are no symptoms ; or there may be a jirodromal 
stage of a few hours to two or three days, consisting of headache, loss of 
appetite and lassitude. 

Mode of Onset — Symptoms during Progress of Disease. — The attack 
begins suddenly, with a chill and aching in the head, back and joints. 
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The temperature rises rapidly to 103® to 104° P. (39.4° to 40° C.) ;the 
pulse is rapid — 110 to 120 ; the face is flushed ; there is epigastric pain ; 
nausea and vomiting are frequently present. 

The temperature remains high for five to six days, often with 
irregular fluctuations amounting to as much as four degrees. During this 
time there is nausea and vomiting; the skin is usually dry and hot, but 
there may be light perspiration, and the skin is yellow tinged. There 
may be constipation, but diarrhea is frequent in some epidemics. Nose- 
bleed is frequent, also hemorrhages from the gastro-intcstinal tract, the 
gums, into the conjunctiva, and from the cars. Hematuria is rare ; 
there may be hemorrhages into the skin, and metrorrhagia. There is 
bronchitis, 'with cough, rapid pulse and respiration, and pains in the 
joints and muscles. There may be delirium — sometimes abrupt and vio- 
lent, and rarely stupor. There may be a rose-red, macular eruption on 
the thorax, abdomen and legs, lasting for a day or two. Herpes is 
common. The spleen and liver are enlarged and tender; the urine is 
high colored and contains albumin. There is a rapidly developing 
anemia; a moderate leukocytosis, the increase being due to increase in 
the polymorx)honuclears, and spirochetes are found in the blood. 

About the sixth or seventh day the patient breaks out in a profuse 
perspiration, the temperature falls to normal in one to two hours, and 
the patient is apparently normal. The spleen and liver return rapidly 
toward normal in size, and the patient gains in strength. 

Rarely there is recovery after one attack of fever. More commonly, 
after about six or seven days of freedom from fever, the relapse sets in 
with a chill, as with the first attack of fever, and the entire attack is 
repeated. At times the relapse is more severe than the first attack ol 
fever, but more commonly the relapse lasts only three or four days, 
ending by crisis just as the first attack of fever. Jn about two-thirds 
of the cases, this relapse ends the course of the disease, and the patient 
returns to normal. A second relapse is not uncommon ; a third and 
fourth relapse are much less common, and very rarely are there more 
than four relapses. 

At times instead of the rapid rise of the temperature, there may be 
a gradual onset, with rheumatic-like pains, headache and constipation. 
The temperature curve may be irregular, or it may show a tertian or 
quartan intermitteiicy. The temperature may fall by lysis, over six 
hours to three days. There may be a pseudocrisis on the third or fourth 
day, the temperature going up again for three to five days. In the crisis 
the temperature may fall, then rise to or above the original temperature 
and fall again — all in a few hours. There may be a chill at the crisis. 

The spleen may not be markedly enlarged, and Robledo speaks of 
this in the relapsing fever of Colombia. 

Meningeal symptoms may be prominent: severe headache, stiffness 
of the muscles of the neck and body, hyperesthesia, clouded mental con- 
dition and Kernig’s sign may be present. 

Reinfection during the same epidemic is not uncommon. The second 
attack is generally marked by shorter attacks of fever and fewer relapses. 
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Diagnosis. — Differential Diagnosis on Clinical History. — Malaria, 
dengue, small-pox, influenza and yellow fever have to be differentiated 
from relapsing fever, and this is very difficult from the clinical picture 
alone. The early stages of plague may be confused with relapsing fever. 
Franco and his co-workers draw a parallel between the clinical picture in 
yellow fever and relapsing fevt.r, and suggest a relationship in the 
etiological agent in the two diseases. The enlarged spleen speaks against 
small-pox, influenza, yellow fever and dengue. When the meningeal 
symptoms predominate there may be confusion. Weil’s disease may 
cause confusion, especially with the bilious form of relapsing fever. 
Typhus may cause confusion, the stupor and the dark, macular eruption 
being points in favor of typhus. 

Laboratory Findings. — There is a polymorphonuclear leukocytosis 
in relapsing fever, which speaks against dengue. 

Agglutinins and spirillicidal substances appear in the serum of the 
patients late in the course of the disease: these substances may be of 
assistance in diagnosis late in the course of the disease or during con- 
valescence. 

The finding of the spirochetes in the blood is the one definite diag- 
nostic sign. It is to be remembered that the spirochetes are not numerous 
in the peripheral blood in some forms of relapsing fever, especially in 
the early days of the Central African form, and that the spirochetes are 
not found in the blood from a short time before the crisis to the beginning 
of the relapse. 

The blood may be examined direct in a smear between slide and cover- 
glass, with the condenser well lowered ; or it may be examined by dark- 
field illumination. Smears may be made in the usual way, as for exami- 
nation for malaria, and stained with any of the Roinanowsky stains. As 
the parasites may not be nuinerous, the thick drop method may be used. 
The hemoglobin may be washed out and the smear fixed and stained with 
a Ilomanowsky stain ; or, what is simpler, the tliick drop preparation, as 
soon as dry, is placed in Giemsa’s staining solution for half an hour, 
then removed and carefully rinsed in distilled water — but not flushed 
with it — and dried in the air. The hemoglobin is washed out of the 
unfixed smear by the Gierasa solution, and only leukocytes, blood plate- 
lets and spirochetes stain in the smear. The blood may be dropped into 
acetic acid solution to dissolve the red cells, then centrifuged to collect 
the spirochetes and leukocytes in the sediment. 

Even if the spirochetes are not found in the blood, as during the 
interval, they are present in an infectious form, and the blood will 
produce infection when injected into a susceptible animal. Monkeys are 
the most satisfactory, but if monkeys are not available, some of the blood 
should be injected intraperitoneally into a mouse or rat. Rats and mice 
are readily infected with Spirochceta duttoni^ Spirochata berhera and 
Spirochceta novyi^ when injected intraperitoneally with infected blood. 
Rabinowitsch found that very young rats and mice — a few days old, 
without hair — ^were very susceptible to infection with Spirochceta 
ohermeieri. 
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In WeiVs disease, though the spirochetes are in the peripheral blood 
ill the first six or seven days of the disease, they are rarely found on 
direct examination, and they are smaller than the spirochetes of relapsing 
fever. The spirochete of WeiPs disease produces characteristic lesions 
in guinea pigs, on intraperitoneal injection of blood, in the first week of 
the disease, and later appears in the urine and feces. 

Complicatians. — Complications of the respiratory tract are the most 
important. Pneumonia is a severe complication. Bronchitis and pleurisy 
are fairly common. Marked icterus is hardly to be considered as a com- 
plication, but it makes for a bad prognosis. Dysentery is fairly common. 
There may be rupture of the spleen, at times spontaneously, more com- 
monly from trauma, as from getting out of bed during the delirium. 
Splenic abscess has been reported. The frequent hemorrhages into any 
of the tissues arc hardly to be considered, as complications ; they are more 
common in cases with jaundice. There may be cerebral hemorrhage. 
Angina, is fairly common during the attacks of fever. There may be 
edema from heart failure or from nephritis. Kuelz says that the so- 
called relapsing fever edema is not peculiar to relapsing fever, but is 
due to deficient diet — lack of vitamins. Iridocyclitis is fairly common. 
Pregnant women abort almost without exception. 

There is a difference of opinion as to whether the bilious typhoid 
fever in Egypt is a severe form of relapsing fever, with marked jaundice, 
or there is an added septic infection, or there are two diff=5rcnt diseases. 
Rabinowitsch thinks that bilious typhoid fever is not relapsing fever. 
It is probable that some of these cases are Weil’s disease, and Rab- 
inowitsch saw two cases of Weil’s disease in the epidemic of relapsing 
fever studied by him. 

Clinical Varieties. — The clinical picture of relapsing fever varies a 
great deal, and in addition to the ordinary form, as just described, 
Casaux describes ambulatory, typhobilious, typhoid-like and bilious 
forma. When the liver is seriously affected there is a bilious form. 

Treatment. — Prophylaxis. — The conditions under which relapsing 
fever flourishes — filth and famine — should be corrected, if they exist. 

Prophylaxis is aimed directly at removing the spirochetes from man 
as the source of infection, by curing the cases promptly, and at pro- 
tecting persons from the bites of bedbugs, lice and ticks. In Africa it 
is necessary to avoid the native houses; and Darling is of the opinion 
that relapsing fever in Panama is contracted by visiting the native houses. 
It is worthy of note that the tick, Ornithodorus mouhata, will not come 
into moist earth or where there is moisture. Stitt says the ticks bite 
only at night, and that a night-light will keep them away. Mosquito 
nets protect from adult ticks as well as from mosquitoes. As Ornitho- 
dorus moubata does not travel more than thirty yards away from the 
house, it is advised to sleep in the open, at least that distance away from 
the houses. Lice and bedbugs are more difficult to avoid, and the 
eradication of those insects is discussed in the section on Parasitic 
Arthropods. 

Rabinowitsch advises measures to prevent infection by mouth. It is 
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to be borne in mind that the infection is in the discharges and secretions, 
and that it will pass through the unbroken skin and mucous membranes* 
A number of laboratory infections have resulted in this way. 

General Management. — Salvarsan or neosalvarsan is a specific in 
relapsing fever. It is not necessary to give large doses, and there is some 
evidence that relapsing fever patients do not stand large doses of sal- 
varsan well. Protocalis recommends two doses of 0.2 gram of salvarsan : 
one dose during the first attack; the second dose four or five days after 
the temperature has fallen. Even with this treatment, he got relapses in 
25 per cent, of his cases. Levaditi found that the best time to give 
salvarsan was just before the crisis, as it took less of the drug to produce 
a cure at that time. 

Brault and Montpellier found neosalvarsan injections in oil unsatis- 
factory, as the absorption was too slow ; rapid absorption is necessary in 
order to kill the spirochetes. Antimony preparations have not given 
satisfactory results in the treatment of relapsing fever. 

Cool sponging may be given for high temperature, and aspirin for 
the pain in the head, back and joints. A hypodermic injection of mor- 
phin may have to be given. When there are meningeal symptoms and 
the headache is due to intracranial pressure, lumbar puncture will 
relieve the pain. The cough may require sedative cough mixtures. 

The vomiting may be allayed by hot fomentations or counterirrita- 
tion over the epigastrium and by cracked ice. The thirst is relieved by 
acid drinks, as lemonade and cracked ice or soda water. Constipation or 
diarrhea may require treatment. 

Complications are treated as they arise. 

It is necessary to watch the patient, as he -may develop delirium and 
get out of bed, and there is danger of death from heart failure or col- 
lapse, or from rupture of the spleen spontaneously or on slight exertion. 

At the time of the crisis it is necessary to support the patient with 
stimulajits, as camphorated oil, and to apply external heat. 

During the attack, the diet should be liquid. After the attack is over, 
it is necessary to feed the patient well, as the anemia is marked. Fresh 
air and rest complete the recovery. 

Prognosis. — Before the introduction of salvarsan treatment of re- 
lapsing fever, the mortality was from 2 to 5 i)er cent. In China and 
Indo-China the mortality was often as high as 25 to 40 per cent. ; and in 
the epidemics in India and China in 1912-1913, the mortality was as high 
as 70 to 80 per cent. Alcoholic liver and weakened heart muscle are apt 
to be badly affected in relapsing fever. Severe jaundice makes for a bad 
prognosis, as the mortality is about 40 per cent, in such cases. Of the 
complications, pneumonia is severe, the mortality being 35 to 40 per cent., 
or even as high as 70 per cent. As most of the deaths are due to com- 
plications, death is not very common in children on account of the rarity 
of complications. Persons living in the conditions under which relapsing 
fever thrives are apt to be lowered in general resistance, and this makes 
for a bad prognosis, as well as for the frequency with which other diseases 
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are found with relapsing fever. The long course of the disease is one of 
its worst features. 

Pathology. — Rabinowitsch has made an extensive study of the path- 
ology of relapsing fever. 

Macroscopic. — The skin is frequently jaundiced, especially in the 
African relapsing fever, and all the organs may be bile stained. The 
appearance of the organs will vary with the stage of the disease in which 
death takes place. 

The spleen is enlarged, Rabinowitsch reporting one case in which 
it weighed 1700 grams. The capsule is tense and thin. On section, 
the spleen is soft and diffluent, dark red in (‘olor, filled with blood, 
the follicles are enlarged, and infarcts are numerous. The kidneys 
are enlarged and congested. The liver is enlarged and congested, the cap- 
sule is tense, the lobules are indistinct: there may be a layer of fibrin 
over the surface of the liver. The heart is soft and flabby. There is 
congestion of the lungs and brain. 

Metastatic abscesses may be found in the liver, kidneys, spleen and 
various parts of the body. 

Microscopic. — Early in the attack the vessels in the spleen are in- 
tensely congested and there arc some hemorrhages in the spleen pulp. 
The follicles are enlarged, and there is an increase in the lymphocytes 
throughout the spleen pulp, with macrophages containing red blood cells 
and lymphocytes. 

As the attack progresses the hemorrhages increase and amount to 
infarcts; at the same time the follicles become less prominent and the 
lymphocytic infiltration less marked. 

At the time of the crisis, or two or three days after it, the hemor- 
rliagic areas show considerable change: the red cells are in all stages of 
disintegration, there are homogeneous areas of fibrin, the endothelium of 
the vessels is swollen and lost, the macrophages are filled with cells and 
cellular debris, and karyorrhexis is marked in the areas of lymphocytes. 
The spleen rapidly returns to normal in microscopic appearance after 
this time. 

Spirochetes are not found in the spleen in the beginning of the attack, 
but they are numerous shortly before the crisis, partly free and partly 
in the endothelial cells. 

In the kidneys the epithelium of the tubules is swollen and cloudy, 
and as the condition progresses the change in the epithelium becomes 
more marked until the outline of the cells is lost and there is nothing but 
granular debris. There is not infrequently infiltration of red cells in 
the interstitial tissue ; more rarely an abundance of red cells between the 
layers of Bowman’s capsule. 

The liver parenchyma is swollen and cloudy ; the blood sinuses are 
filled, and there is pigment in the endothelial cells as well as in the 
parenchyma cells. There may be round cell infiltration about the portal 
vessels. Rabinowitsch considers the increase in interstitial tissue and 
the fatty change in the parenchyma cells as djae to a previous chronic 
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condition, as alcoholism. Darling found spirochetes in the endothelial 
cells of the liver. 

The heart muscle always shows marked changes. Frequently the 
striations are lost ; the nuclei are pale or do not stain, and the cell shows 
marked vacuolation, or is reduced to a mass of granular debris. The 
muscle cells often contain pigment and at times there is pigment and red 
cells between the muscle fibers. 

There are areas of softening in the bone marrow. There is nothing 
characteristic in the mucosa of the gastro-intestinal tract. 

The metastatic abscesses apjiear throughout any of the organs. 

History. — Plippoerates described an epidemic of relapsing fever in 
Thasos. Fever with relapses was known in London and Ireland in the 
eighteenth century, and during an epidemh* of fever in England, in 
!1826 and 1827, it was recognized that there w^ere twm types of fever 
that had been included in ^'typhus fever.” There were repeated epi- 
demics of the milder type of typhus fever, and in 1843, Henderson recog- 
nized that this mild fever was not typhus. In 18G8, during an ei3idemic 
in llerlin, Obermeier found ‘'fine motile threads” in tlie blood of re- 
lapsing fever patients, and he published his findings in 1873, giving the 
name “Spirillum febris recurrentis” to the organism. Obermeier 's 
finding w'as confirmed in other countries of Europe ; but relapsing fever 
came to be more and more rare in Europe, and the organism did not 
I'cceivc any great attention. Cohn gave the name Spirochceia obermeieri 
to the organism of relapsing fever in Europe. Ilindle sa^^s Spirachetia 
recurroifis is the proper name for this sjnrochete. 

In North America, relapsing fever was observed in Philadelphia in 
1844 and was supposed to have been brought in by Irish immigrants, so 
the disease w^as considered to be identical with European relapsing fever. 
During the next thirty years, the disease was pndty well knowui in the 
eastern stat(*s, and in 1874 an eindemic was observed among some 
Chinese laborers in California. Since tliat time the disease has been 
rey)orted from Central and South America, and the West Indies. In 
1906 a number of w^orkers stmlied the spirochete of American relapsing 
fever and considered it different from the spirochetes of relapsing fever 
in Europe, Asia and Africa. Shellack gave the name Spirochceta novyi 
to the spirochete of American relapsing fever. 

In 1857 ] jivingston described ‘ ‘ human tick disease ^ ^ from Portuguese 
South Africa, and stated that the natives considered the disease was 
transmitted by the bite of ticks. From 1901 to 1904, a number of ob- 
servers studied and described the tick fever of Central Africa. Novy 
and Knapp gave the name SpiraclKrta dvttoni to the organism of re- 
lapsing fever in Central Africa. Some authorities separate the spiro- 
chetes of relapsing fever of East and West Africa, giving the name 
Spirochceia dutioni to the spirochete in West Africa, and the name 
Spirochceta rossii to the spirochete in East Africa. Spirochoita kochi is 
a synonym of Spirochceta rossii. 

In 1853 Griesinger described a “bilious typhoid” fever in Egypt, 
and since that time thfre has been confusion as to whether bilious typhoid 
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is a severe form of relapsing fever that is found in North Africa, or there 
are two diseases; one of them relapsing fever, and the other bilious 
typhoid of unknown cause. Sergent and Foley considered the spirochete 
of relapsing fever in North Africa to be a distinct species, and named it 
Spirochceia berhera. 

Relapsing fever had been known in India since the eighteenth century. 
Lyall studied an epiderhic in the Punjab in 1852 to 1853; and Carter 
found spirochetes in the blood of cases in Bombay in 1877. Hill described 
relapsing fever in China in 1904; Imbert described it in French Indo- 
China in 1910 ; and Schneider described it from northern Syria in 1912. 
Mackie gave the name Spirochcpta carteri to the spirochete of relapsing 
fever in India. 

Geographical Distribution. — There have been extensive epidemics of 
relapsing fever in Ireland, and there were severe epidemics in Russia in 
1865 and in 1881. There have been lesser epidemics in England, Scot- 
land, Germany, Denmark, Norway and the Balkan States. The disease 
has not been so common in Europe in recent years; but it was fairly 
prevalent on the eastern front during the recent war. 

The disease is constantly present in India, French Indo-China and 
China. The cases reported from the Philippines seem to have been in 
persons who came from an endemic area, and the infection may have 
originated outside the Philippines. It is endemic in Syria and Arabia. 

The disease is endemic in Portuguese South Africa and German 
East Africa; and there was an extensive epidemic along the caravan 
route from Dar-Es-Salaam to Muanza in 1903-1904. It is endemic in the 
Sedan. Other endemic centers in Africa are Uganda, Congo Free State, 
Nyassaland and Rhodesia. 

In former years there was confusion regarding bilious typhoid fever 
in Egypt, but it is certain that relapsing fever is prevalent in Egypt, 
Tunis and Algiers. 

The disease has not prevailed in epidemic form in the United States 
since 1869 ; but it is endemic in the southwestern part of the United 
States, in Mexico, Panama, Colombia, Venezuela, Cuba, Peru, Bolivia 
and Chili. 
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(African Trypanosomiasis — Americayi T rypanosomiasis ) 
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Under this heading arc included two diseases, found in different parts 
of the world, and having different clinical coxirses, both caused by 
trypanosomes. 

African irypanosoniiasis is an endemic disease in some parts of Africa, 
while American trypama^omia^^ is an endemic disease in some parts of 
South America. 


AFRICAN TRYPANOSOMIASIS 
Synonyms. — Sleeping sickness; Negro lethargy. 

Definition. — A chronic disease caused by Trypanosoma gamhiense 
and. Trypanosoma rhodesiense, characterized anatomically by an inflam- 
matory condition of the lymphatic sy^stem, with enlargement of the lymph- 
glands and meningo-encephalitis and meningo-myelitis. Clinically the 
disease is marked by irregular fever, emaciation, lassitude, weakness, 
tachycardia, erythema and edema of the skin, nervous and mental dis- 
turbances; and later, at times dementia, and commonly a protracted 
lethargy — sleeping sickness. 
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History. — John Atkins, in 1734, described ‘Hhe sleeping distemper^’ 
which he had seen among the natives on the Guinea coast in 1721. In 
1803, Winterbottom described the disease on the west coast of Africa, 
near Sierra Leone. He noted the enlargement of the cervical glands, 
and says that this enlargement of the glands was known to the slave- 
traders, and when present in a negro was a sign for refusal of a slave. 
Other observers described the disease from different parts of Africa ; 
and, in 1869, Guerin saw the disease in Martinique, in slaves who had 
been brought there from Africa. A case was brought to London in 1891 ; 
and two cases were brought there in 1900. Several cases have come to 
the United States and have been studied here. 

In 1901, P^ord found a parasite in the blood of a patient with a pe- 
culiar type of fever from Gambia ; and in 1902, Dutton recognized the 
parasite to be a tryx)anosome and gave it the name Trypanosmtia gam- 
biense. In 1902, Castellani found trypanosomes in the spinal fluid of 
cases of sleeping sickness in Uganda and gave the organism the name 
Trypanosoma ugandense. The findings of Todd and Castellani were con- 
firmed by different observers; and Castellani and Nabarro showed that 
Trypanosoma ganibiense and Trypanosoma ugandense were the same, 
and that sleeping sickness was only a stage in the febrile disease in which 
Todd and Dutton had found trypanosomes in the blood. 

In 1903, Brace and NabaiTo showed that Trypanosoma gamhiense was 
transmitted by a biting fly, Glassina palpalis, Kleine showed experi- 
mentally that Trypanosoma gambiense undergoes a cycle of development 
in Olossina palpalis. 

In 1910, Stephens and P’antham reported that trypanosomiasis in 
Rhodesia was caused by a trypanosome that was different from Try- 
panosoma gambiense; and they gave the name Trypanosoma rhodesiense 
to the new trypanosome. In 1912, Kinghorn and Yorke showed that 
Trypanosoma rhodesiense was transmitted by Glossma morsitans, a bit- 
ing fly closely related to Glossina palpalis. A number of observers, not- 
ably Bruce and his co-workers, hold that Trypanosoma rhodesiense is a 
variety of Trypano.soma brucei; while a number of other observers, as 
Laveran, liold that it is a distinct species. 

Geographical Distribution. — The disease was first described at Sierra 
Leone ; but it was soon found to extend far south of there. It has been 
carried by infected men into neighboring regions, until now it is found 
in a broad strip of territory, extending from 20° north to about 12° 
south of the equator, on the western coast of Africa, and extending in- 
land to Uganda and Rhodesia. The disease has been carried to the West 
Indies, but did not spread there, as the arthroi)od host was missing. It 
is probable that the focus in Rhodesia has been, an endemic focus for 
some time, and that it is not due to tlie spread of the West Coast disease. 

Etiology. — Predisposing Causes. — Kaoe is not a predisposing factor. 
Sex seems to play no part in predisposition, though Manson notes that 
females are more liable to infection. In the same way, age does not seem 
to play any part in predisposition, though some observers hold that young 
children are more liable to infection. The disease is most common in 
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young adults, probably because their occupation and habits lead to 
greater exposure to infection. 

Occupation is of considerable importance, as persons in certain oc- 
cupations are especially exposed to the bites of infected flies. Fisher- 
men and persons who live or work along the shores of lakes and streams 
are especially exposed to infection with Trypanosoma gamhiense, as 
Glossina palpalis lives on the borders of such waters. Porters who travel 
through the fly-zones are especially liable to infection, on account of 
their great exposure to the bites of infected flies. 

Exciting Cause: The Organism. — (a) Trypanosoma Gamhiense . — 
Trypanoso^n^a gamhiense is the cause of African tryi)anosomiasis, except 
in Rhodesia. This organism appears the same in the spinal fluid as in 
the blood of man. 

Morphology . — In the blood it is 16 to 30 microns long and 1.5 to 2 
microns in breadth, though it varies greatly in size — is polymorphic, 
short plump forms being 14 to 20 microns long, and long slender forms 
being 23 to 32 microns long. The anterior end is usually drawn out to a 
j)oint along the flagellum, but it may be rounded ; the posterior end is 
usually rounded, but it may be drawn out to a point. The undulating 
membrane is small ; the flagellum is well developed. The nucleus is oval 
and is situated about the middle of the body ; the blepharoplast is oval 
and is situated at the posterior end, often just in front of a distinct 
vacuole. There is often a number of granules in the cytoplasm about 
the nucleus. 

Cultivation. — Trypanosoma gamhiense is difficult to cultivate. Thom- 
son and Sintoii cultivated it on the Nicolle modification of the Novy- 
MacNeal medium — the N. N. N. medium — using rat’s blood. They 
mixed two parts of rat blood with one of a one iier cent, 

citrate solution ; and mixed equal jiarts of agar and citrated blood. The 
meiiium was heated to 45° C. for two hours to destroy the coinjilement, 
and was allowed to stand for two days at 25° O. for the water of con- 
densation to collect. The cultures were kex^t at 22° to 24° C. 

Occurrence in Lower Aryimais . — Spontaneous infection occurs fre- 
quently in antelopes. Yorke and Blacklock found one ox infected with 
Trypanosoma gamhiense ; and Kleine and Eckard found one ox, one sheep 
and one goat infected. The infected animals are not sick as a result 
of the^ infection. 

Experimentally, monkeys are readily infected ; parasites appear in the 
peripheral blood in from 18 to 20 days, the animal is quite sick, and 
dies in a few weeks to a fe^’' months. White rats are susceptible; the 
course is usually chronic, and marked by jieriods of latency when no 
parasites are found in the blood, and periods when the parasites are 
numerous in the blood. Mice usually have a chronic infection ; but when 
the strain is carried in rats or mice for some time, it becomes more viru- 
lent and kills in 3 to 6 weeks. In rabbits and guinea pigs, the in- 
fection runs a chronic course with few parasites in the blood. Dogs are 
susceptible, and the infection may run a fairly acute course. Horses, 
cattle, goats, sheep and hogs are susceptible ; but the infection is light. 

VOL.. IV.— 16. 
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Development in the Vertebrate Host, — The development of Trypamo- 
soma gambiense has been studied especially in the blood of the rat. Af- 
ter inoculation, the parasites multiply by longitudinal division until they 
are very numerous in the peripheral blood. Then the parasites undergo 
a change in structure, becoming less numerous in the peripheral blood, 
and numerous in the lungs, spleen and bone-marrow. The nucleus of 
the parasite contracts and flattens, a large clear vesicle forms beside 
the nucleus, and a cytoplasmic sheath forms around both. The 
other structures of tlie parasite disappear, and these bodies lodge in the 
spleen and bone-marrow, where they remain during the latent period — 
ten days or more — when no parasites are found in the peripheral blood. 
These are the “latent bodies” of Moore and Brienl. At the termination 
of the latent phase, the otlier structures of the trypanosome are developed 
anew and the latent body becomes a trypanosome which multiplies by 
longitudinal division, the parasites re-api>earing in the peripheral blood. 

Fry and Rankin observed extrusion of granules from trypanosomes. 
AVhen the trypanosomes are about to disa])pear from the peripheral 
blood, many of them extrude granules, usually from some point near the 
middle of the b(Kly; and these granules take on the leishmania form. 
They may now elongate and form trypanosomes, or they may divide be- 
fore forming tryx^anosomes. 

AVolbac'h and his cowoi’kers, working with Trypa^wsonia gamble me 
in the bl(X)d of animals, conclude that it does not xiass through bactcria- 
proof filters. Tryx)anosomes do not pass through the placenta. 

Development in the Arthropod Host , — ^When Glossvna palpalis 
feeds on blood containing l^rypaiwsonia gambiense, the trypaiiosO'mes pass 
through the stomach of the fly, and in twenty-four hours lose their in- 
fectivity for the vertebrate host and multiply in the posterior part of the 
midgut. In ten to twadve da3^s slender forms develop, and from the 
twelfth to tlie twentieth day they move forward to the proventriculus. 
From here they pass to the salivary glands, become attached to the walls 
of the gland ducts, and develop into crithidia forms which divide and 
form small trypanosomes similar to those in the blood of the vertebrate 
host ; and these small forms are injected w ith the saliva into the sub- 
cutaneous tissues of the vertebrate host when the fly bites. Just how 
the trypanosomes get from the proventriculus to the salivary glands of 
the fly is not quite clear, though it is generally considered that they 
pass along the hypophar^mx into the salivary glands. Tiypanosomes 
are not found in the juice of the body cavity of the fly. The develop- 
ment in the salivary glands requires tw^o to five days. 

The development in the fly is favored by high atmospheric tempera- 
ture — 24° to 29° C. (75.2° to 84.2° F.) — ^while low temperature — 
15° to 21° C. (59° to 69.8° F.) — delays or prevents development, but 
does not kill the tr^^panosornes. Under favorable conditions the develop- 
ment in the fly is complete in twenty to thirty-four days, and the fly 
remains infective the rest of its life. 

Trypanosoma gambiense completes its cycle of development in a small 
percentage of Olossina palpalis which feed on infected blood, as only 
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about 6 to 8 per cent, of the flies become infective. The infection is not 
transmitted to the pupa of the fly. 

(b) Trypanosama lihode^iense. — Trypanosoma rhodesie^ise is the 
cause of trypanosomiasis in Rhodesia. 

Morphology. — Trypanosoma rhodesiense resembles Trypanosoma 
gambiense in size, form and polymorphism. The nucleus is generally 
situated well to the posterior end, near the blepharoplast ; but it may 
be situated near the middle of the body as in Trypanosoma gambiense ; 
and in the short plump forms it may even be behind the blepharoplast. 
The posterior position of the nucleus is best shown in the blood of rats. 

Cultivation. — Thomson and Sintori cultivated Trypano.^oma rho- 
desiense in the same way they cultivated Trypanosoma gambiense. 

Occurrence in Lower AnimcLls. — Spontaneous infection occurs fre- 
quently in wild animals, as the antelope, liartebeest, water buck, impala 
and w^art-hog. Kingliorn and Yorke found one dog infected. 

Expf'rimentallj", the same animals as given under Trypanosoma gam- 
biense, are suscei)tible to infection with Trypanosoma rhodesiense. Try- 
panosoma rhodesiense is generally more virulent than is Trypanosoma 
gambiense ; and it causes severe disease in sheep and goats, killing them 
in forty to forty-five days. 

Development in the Vertebrate Host. — The development of Try- 
panosoma rhodesiense in the vertebrate host is practically the same as 
that of Trypanosonna gambiense. Fantham has studied the development 
of the latent forms in the lungs. The blepharoplast moves close to the 
nucleus, and the rest of the body is lost, leaving a rounded body contain- 
ing the nucleus and the blepharoplast. This rounded body becomes sur- 
rounded by a capsule, and becomes a cyst 2 to 4 microns in diameter — 
the latent body or i^reflagellar stage. After a time these bodies increase 
in size and length, and develop into trypanosomes again. 

Development in the Arthropod Ho.st . — When Olossina morsitans 
feeds on blood containing Trypanosoma rhodesiense, the trypanosome 
goes through the same cycle of development as does Trypanosoma gam- 
biense in Glossina palpalis. 

The development of Trypanosoma rhodesiense is affected by at- 
mospheric temperature in the same way as is that of Trypanosoma 
gambiense. Under favorable conditions Trypanosoma rhodesiense 
completes its cycle of develox^ment in Glossina morsitans in fourteen 
days; but only about 5 x)er cent, of the flies become infective. 

There is a difference of opinion as to whether Trypanosoma rho- 
desiense is a distinct species or is a variety of Trypanosoma brucei, which 
is the cause of nagana, the tsetse-fly disease of horses and cattle in Africa. 
Both trypanosomes are transmitted by Glossina morsitans. Laveran found 
that sheep immunized to Tryjjanosoma brucei were susceptible to infec- 
tion with Trypanosoma rhodesiemse. Chalmers says that animals im- 
munized to Trypanosoma brucei are killed by Trypanosoma rhodesiense, 
and vice versa. On this basis, it is held that Trypanosoma rhodesiense 
is a distinct species. Bruce does not consider cross inoculations as re- 
liable for differentiation, and depends on morphology, action on animals, 
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and manner of development in the fly, in the separation of species. On 
this basis, it is held that Trypanosoma rhodesiense is Tryptj^soma 
brucei. 

(c) Other Trypanosomes, — ^^lacfie gave the name Trypanosoma 
nigericTtse to a trypanosome found in the blood of young persons in 
Nigeria. This trypanosome is less virulent than is . Trypanosoma 
gamhiense, and is transmitted by Olossina tachnoides, Bruce is of the 
opinion that Trypanosoma nigeriense is Trypanosoma gambiense. 

Castellan! and Chalmers express the opinion that more than one 
species of Trypanosoma is included in the species Trypanosoma gam^ 
biense; and they note that the Uganda strain appears to be different 
from the Gambia strain. 

Trypanosomes that cause disease in lower animals may cause occa- 
sional cases in man. Thus, there have been laboratory infections in man 
with laboratory strains of Trypanosoma brucei. 

Epidemiology. — {a) Source op Infection. — Man is an important 
source of infection. As men may have trypanosomes in the blood for 
several years without being too sick to go about their usual occupation, it 
is easily understood that man spreads the disease along caravan routes, 
and from place to place. Mayer givc^ the following percentages of ap- 
parently healthy persons who have Trypanosoma gambiense in the blood: 
0.6 per cent, in Gambia; 4.G per cent, in Congo; and 28.7 per cent, in 
Uganda. 

But man is not the only source of infection. Where infected areas 
have been depopulated, infected flies were still found in the area a year 
or more later. Wild animals are frequently found infected with Try- 
panosoma gambiense and Trypanosoma rhodesiense, and remain in good 
condition. So it is evident that lower animals act as reservoirs for the 
infection. While domestic animals are occasionally fo-und infected, it 
does not appear that they play an important part as reservoirs for the 
infection. Antelopes act as reservoirs for infection with Trypamosoma 
gambiense; while the antelope, water biu'k, hartebeest, wart-hog and 
impala act as reservoirs for infection with Trypanosoma rhodesiense. 

The relative importance of man and lower animals as sources of 
infection varies in different regions. Yorke and Blacklock consider man 
as the chief source of infection with Trypanosoma gamibiense in Sierra 
Leone; but they think domestic animals may be of some importance. 
Human trypanosomiasis may be very chronic in Sierra Leone, and 
trypanosomes may be found in the blood when* examining for some other 
organism, as malarial parasites. They consider that wild animals are 
the chief source of infection in South Central Africa. Duke says that 
antelopes are the reservoir for Trypanosoma gaxmbiense on the unin- 
habited islands of the Victoria Nyanza Lake. 

(6) Mode of Transmission. — The infection is transmitted by the 
bite of infected tsetse flies, Trypanosoma gambiense being transmitted by 
Olossina palpalis, and Trypanosoma rhodesiense being transmitted by 
Olossina morsitans. 
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The flies may transmit the infection mechanically for a short time 
after feeding on an infected animal. Then there is a period, correspond- 
ing to the length of time necessary for the cycle of development in the 
fly, during which time the fly cannot transmit the infection. Following 
this period, the infection is transmitted by the bite of the fly. 

Carpenter studied the habits of Glossina palpalis with special refer- 
ence to its role in the transmission of Trypanosoma gambiense. The fe- 
males live about four months, and the males live about eight months. 
There are no natural enemies; and the pupai are found at the base 
of trees and under fallen logs, only a few yards from the water’s 
edge and a few feet above it, out of the way of birds. The flies feed 
on blood, especially on lizards, having a special liking for certain lizards ; 
they also feed on crocodiles and birds. Of mammals, they feed on 
the antelope, hippopotamus and otter. Lamborn says that some wasps 
are parasitic on the pupa of glossina, and that dragon flies prey on the 
adult flies. 

Tsetse flies also breed in shaxled places, in sand along river beds, 
where the water leaves the sand uncovered in the dry season. 

The female tsetse fly gives birth to one large larva at a time; this 
larva immediately bores a couple of inches into the sand, and changes 
to a pupa. In about a month the adult fly emerges from the pupa. 

Tsetse flies bite during the day, even in sunlight ; and will follow 
human beings some distance. Both males and females bite and can 
transmit trypanosomes. 

Sexual intercourse has been considered to be a mode of transmission 
of the infection. Koch noted infection of fifteen women in a fly-free 
area, and considered that they were infected by their husbands who 
had returned from working in fly zones. Bernard noted infection of 
prostitutes in the same way. It is known that trypanosomes can pass 
through an unbroken mucous membrane ; and dourine, a trypanosomiasis 
of horses, is transmitte<l by sexual intercourse. Neiva showed that 
Trypanosoma equimim. Trypanosoma evansl, and Trypanosoma eqmper- 
dum can be transmitted from guinea pig to guinea pig by the instillation 
of a drop of infected blood into the conjunctival sac. 

Mosquitoes are suggested as transmitting the infection, as children are 
often infected though not exposed to the bite of tsetse flies. 

Martin and Leboeuf suggest tattoo wounds as sources of direct 
infection. 

But the all-important mode of transmission is through the bite of 
infected tsetse flies, 

(c) Susceptibility. — All races and ages, and both sexes are sus- 
ceptible to infection. 

Symptomatology. — Generally the bite of a glossina leaves only a 
small papule which itches for a short time and then disappears. At 
times, possibly due to contamination with pyogenic bacteria, there is 
an inflammatory area at the site of the bite, with a swelling of the neigh- 
boring lymph-glands. These infected bites may cause painful furuncle- 
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like swellings on various parts of the body ; they are usually single, but 
there may be as many as five. 

It is usual to describe the symptoms under two stages : ( 1 ) trypano- 
some fever, and (2) sleeping sickness. IMartin and Leboeuf de- 
scribe the symjjtoms under three stages: (1) incuhation, (2) invasion 
and (3) the developed disease; and they divide the third stage into three 
periods: (a) beginnings — organisms in the blood but not in the spinal 
fluid; (b) infection of the nervous system — wlien the organisms enter the 
spinal fluid, and (c) icrmmal period. The stage of invasion and the 
first period of the stage of the developed disease, in the IMartin and 
Leboeuf description, correspond to the usually described stage of trypan- 
osome fever; while the second and third periods of the developed disease 
in the IMartin and Leboeuf description corrcsi)ond to the usually d(‘- 
scribed stage of sleeping sickness. 

(1) iNoimATioN. — The stage of incubation, from the bite of the fly 
to the appearance of trypanosomes in the blood, is ten to twelve days. 
The period from the bite to the development of symptoms may be as 
short as ten days ; but more commonly it is two to three months. The 
inhabitants of some infected regions consider that the incubation period 
may be long, and that a man may develop the disease uj) to seven years 
after leaving an infected region. 

(2) Invasion. — The stage of invasion is represented by the first 
symptoms of the disease. The resistance of the body has been overcome, 
and the organisms circulate in the blood. This stage begins with irregu- 
lar remittent or intermittent fever of 39.4° to 40° C. (103° to 104° F.), 
and in whites is commonly accompanied by an erythematous rash. There 
is nervous excitement, insomnia and prostration. After about a week, 
the fever and symptoms disappear, though the pulse may remain rapid. 

These symptoms may be absent in natives; and they may reach the 
period of infection of the nervous system without having fever. 

(3) Ttie Stage of the Develoi’ED Disease. — {a) The first period 
is of variable length, and tryfianosomes are found in the blood but not 
in the spinal fluid. 

After an afebrile period of a few days to two or three weeks the 
fever returns, but is generally not as high as in the first period — 38.3° 
to 38.9° C. (101° to 102° F.). After about a week, the fever again disap- 
pears; and these febrile and afebrile periods continue to alternate. 

Headache is common, and may be persistent ; but it is not very severe. 
There may be neuralgic pains, with cramps in the calves of the legs, 
and pains in the feet. A very common symptom is superficial and deep 
hyperesthesia, and a slight blow or pressure will produce sharp pain. 
The patient is very susceptible to cold. 

There are insomnia, weakness, anemia and emaciation. Photophobia 
is not uncommon ; and tliere may be iritis and cyclitis. 

In the white person there is commonly an erythematous eruption 
from the beginning of the fever. This eruption appears as poorly 
defined, pinkish patches, appearing especially on the chest. These 
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patches may be ring-shaped or crescentic, and are frequently seen better 
at a little distance from the patient. 

The erythematous eruption is often not seen in the negro. Here the 
skin is often dry and scaly, at times with severe pruritus. There is fre- 
quently a papular eruption that may itch considerably. The eruption 
may be vesicular, or may ulcerate or be pigmente<l. It is these types 
of eruption to which Martin and Leboeuf refer as trypanids, and com- 
pare them to syphilids. 

Areas of localized edema are not uncommon, sometimes ^vith a large 
erythematous patch. These areas of edema often appear over the 
sternum, on the arms, and on the internal surface of the thighs, and are 
fleeting. 

The heart is rapid — about 120 per minute ; and this tachycardia com- 
monly continues througli the afebrile i)eriod. 

There is loss of sexual })ower; the menses may be suppressed or they 
may continue for ahriost the entire duration of the disease. 

There may be dysenteric crises, whi(*h may dominate the picture. 

The lymph-glands are enlarged and movable, and about the con- 
sistence of a ripe plum. The lyraj)h-glands in the posterior cervical 
triangle are very commonly enlarged ; other superficial lymph-glands 
less commonly. This enlargement of the lymph-glands is an important 
clinical sign; and the natives recognize that a person with enlarged 
posterior cervical glands will have sleeping sickness. 

The spleen is often enlarged ; and the liver may be enlarged. 

IVreiital symptoms are not prominent. Whites may be sad or irritable, 
and may be neurasthenic. They show loss of attention, and are apt to 
make errors in figures and in writing. Natives often show no mental 
changes; but they may continue to do their work as automatons, may 
be expansive or morose, and may lose their self -inspect and become lax 
ill discipline. 

Tliis period lasts from a few months to seven yeai*s. Natives may 
go through the entire period, with trypanosomes in their blood, without 
being sick. 

{b) The second period begins with the entrance of the trypanosomes 
into the subarachnoid space. 

All symi)toms are increased in severity. The febrile periods are more 
frequent; there is marked nervousness; and the headache increases and 
may be severe. There may be ringing in the ears, or deafness. 

The patient becomes dull and apathetic; is tired by the least ex- 
ertion ; the gait is weak and shuffling; and the entire figure is relaxed and 
drooping, thus adding to the appearance of apathy and moroseness. The 
puffy eyelids tend to fall shut; there is a state of physical asthenia. 
With this, there is a state of mental and intellectual asthenia ; the patient 
does not enter into conversation; answers slowly when spoken to and 
even simulates sleep to avoid conversation. He becomes careless in his 
habits. The appetite is good, but the patient will not go to the trouble 
of getting food, and he may go to sleep with food in his mouth. The 
digestive apparatus is undisturbed. 
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The condition is one of intellectual asthenia and lethargy, rather 
than actual sleep. "When spoken to, the patient is easily aroused, but he 
will yawn and stretch, as though he had just wakened; and he may even 
be angry at being disturbed. 

Mental symptoms are quite common. At night, there may be mental 
disturbance amounting to delirium or mania. The patient may have 
fits of excitement or anger, in which he is quarrelsome or destructive; 
after the fit is over, he returns to the lethargic state. There may be 
delusions of grandeur; hallucinations of sight, hearing, smell or taste. 
There may be melancholia, but suicide is rare. There may be amnesia, 
catatonia, eehomimia, echolalia, negativism or mutism. There may be 
impulse to steal ; and the patient may collect all sorts of worthless 
things. 

There is a tremor of the muscles, especially noticeable in the tongue, 
lips and hands. There may be epileptiform attacks. Rigidity and 
muscular contractions are rather common. There may be hemiplegia 
or paraplegia. The reflexes are generally normal ; though the deep re- 
flexes may be exaggerated early, and lost later. There is loss of coordina- 
tion in walking; and Romberg’s symptom is often present. The jnipils 
are equal and react to light and accommodation. Control of the sphinc- 
ters is retained to near the end. There may be hyperesthesia or 
anesthesia. 

The edemas increase, especially about the face; and may extend to 
the glottis. 

This period lasts from three to six months. 

(c) In the third period the condition is one of complete decrepitude. 
The general weakness and emaciation increase; there is marked tremor; 
contractures; and the lethargy is profound. The patient is neglectful 
and oblivious; will eat dirt; saliva dribbles from the mouth; and there 
is incontinence of feces and urine. The patient falls when he tries to 
walk. The blood-pressure falls ; there is cardiac arhythmia ; the tem- 
perature is subnormal ; decubitus appears on different parts of the body; 
the patient pass(*s into a comatose condition and dies. 

Death may result from an epileptiform or apoplectiform attack, or 
from cachexia ; but more commonly it results from a complication, as 
pneumonia, meningitis or dysentery. 

This period lasts two to three months. 

The disease may last from eighteen months to several years. After 
involvement of the nervous system, the disease usually does not last 
over four to eight luonths; though it may be prolonged to two years 
or more by treatment. 

The entire clinical course is variable. Lethargy is the most striking 
characteristic, and this form is most common; but the disease may re- 
semble general paralysis. About one-sixth of Martin and Ringenbach's 
cases had psychoses. The course may be rapid or slow ; and there may 
be periods of latency followed by relapse. 

There may be no enlargement of the glands throughout the disease. 
While the pulse is usually rapid — 100 to 140 per minute — it may be as 
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slow as 50 per minute, probably due to irritation of the vagus as it 
passes through the subarachnoid space. 

The course of the Rhodesian form of the disease is more rapid than 
that of the Gambian form, often lasting not over four or five months ; and 
the lethargy may not appear. 

Diagnosis. — Clinical Diagnosis. — The disease may escape diagnosis 
for a long time. The history is important, especially a history of 
residence in an endemic area and of having been bitten by tsetse flies. 
In the early stage of the fever there is apt to be confusion with malaria; 
but chills and sweats are rare in the fever attacks, and the fever is not 
affected by quinin. The enlarged lymph -glands, erythema and headache 
may cause confusion with syphilis; and the danger of confusion is in- 
creased by the fact that the Wasserraann reaction is not infrequently 
positive in the blood of cases of trypanosomiasis — possibly cases of the 
two diseases together. 

While enlarged cervical lymph-glands is an important sign, it must 
be remembered that such enlarged glands are frequently met with in 
persons who are free from trypanosomes. Mayer says that in Uganda, 
from 50 to 75 per cent, of the natives have enlarged lymph-glands; but 
only 28.7 per cent, of the healthy persons harbor trypanosomes. There 
may be no enlargement of the lymph-glands throughout the disease. 

In an endemic area the irregular fever, the rapid pulse, the asthenia, 
the headache, the eruption, the enlarged cervical lymph-glands (Win- 
terbottonl^s sign), the deep hyperesthesia (KerandeUs sign), and the 
tremor of the tongue (Low-Castellani sign) make it possible to arrive at 
a clinical diagnosis with a fair degree of accuracy. 

In addition to malaria and syphilis, there may be confusion with 
filariasis, dysentery, relapsing fever or liver abscess; and any of these 
conditions may exist with trypanosomiasis. In beriberi the lymph- 
glands are not enlarged, and the heai*t is involved. 

After involvement of the central nervous system, the lethargy, emaci- 
ation and edema, and tremors and muscular contractures are of impor- 
tance in diagnosis. 

The various mental states are difficult to differentiate from such 
mental states due to other causes. The pupils are normal. 

In all cases, it is important to make a laboratory examination for 
trypanosomes; and only in this way can a definite diagnosis be made. 

Laboratory Diagnosis. — Blood. — Trypanosomes may be found in 
the peripheral blood, especially during attacks of fever; but trypan- 
osomes are not numerous in the peripheral blood, and long search is 
necessary — even then it is frequently impossible to find them. 

Citrated blood may be repeatedly centrifuged and the sediment 
examined on the third centrifugalization ; or the leukocyte layer may 
be examined after centrifuging citrated blood in narrow tubes. In ob- 
taining trypanosomes from the blood of cattle, Teague and Clark defi- 
brinated the blood with sticks, strained it through gauze, mixed it with 
an equal volume of water, allowed it to stand a few minutes, centrifuged 
and examined the sediment. 
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Trypanosomes are considered to be more numerous in the erythema- 
tous areas on the skin than in the general circulation. The erythematous 
areas may be scarified and blood films from the scarified area examined. 

There is secondary anemia, the red cells falling to as low as two 
million per cubic millimeter. The leukocyte count is often disturbed 
by secondary infections. In uncomplicate<i cases, the leukocytes are 
normal in number or rise to 10,500 per cubic millimeter. There is an 
increase in the mononuclear elements, the lymphocytes rising to 37 per 
cent, of the total count. 

There is auto-agglutination of the red cells, but it is not specific. 
Various serum reactions — agglutination, precipitin, complement fixation, 
trypanolysis and attachment — ^have been tried ; but the results are not 
very satisfactory. 

Gland Puncture , — Trypanosomes are especially numerous in the 
lymph-glands. An enlarged lymph-gland is j)unetured with a dry 
syringe ; a small amount of gland juice is aspirated and examined for 
trypanosomes. This is the most satisfactory method of direct micro- 
scopical diagnosis. 

Spinal Fluid . — After involvement of the central nervous system, 
trypanosomes are found in small numbers in the spinal fluid by centri- 
fuging about 10 c.c. and examining the sediment. 

Dubois and Van den Drandcn tried the reaction of Boveri on the 
spinal fluid in cases of trypanosomiasis in the stage of nervous system 
involvement. The reaction is positive in this stage of the disease; but 
it is not specific, benng due to the presence of proteids. 

Early in the disease the spinal fluid is normal. After involvement 
of the central nervous system it is often slightly turbid and contains 
serum albumin and serum globulin; lymphocytes are fairly numerous, 
and there are larger vacuolated cells. 

Animal Inoculation , — When trypanosomes are not found on direct 
microscopic examination of the body fluids, 10 c.c. of blood or spinal 
fluid may be injected into a susceptible animal. Monkeys are the most 
satisfactory animal for the purpose, but may not be available. The 
most satisfactory of the available animals is the guinea pig, injected 
intraperitoneally. Dogs are satisfactory. Rats and mice are not satis- 
factory as they are frequently infected with trypanosomes in nature; 
and this might lead to confusion. 

Complications. — Acute infectious conditions are the usual complica- 
tions, as pneumonia, purulent meningitis and dysentery. Pleurisy, pul- 
monary gangrene and tuberculosis are also met with. The secondary 
bacterial infections produce secondary lesions throughout the body ; and 
these infections have also caused confusion regarding the etiology of the 
disease. 

Iritis and iridocyclitis are quite frequently met with — especially in 
Rhodesian trypanosomiasis — and in four of Daniels' cases, it was the 
eye lesions which led the patient to seek medical advice. Orchitis is less 
frequent. These conditions are hardly to be considered as complications, 
as they are due to the action of the trypanosomes. 
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Aborrtion, premature birth, stillbirth and death a few days after birth 
are the rule in trypanosomiasis. 

Treatment. — General, Management. — If possible, the patient should 
be removed to a temperate climate, should be given rest and an abund- 
ance of good food, placed under good hygienic conditions, and protected 
from the cold, as persons suffering from trypanosomiasis feel the cold 
very keenly. 

Atoxyl generally gives good results in the treatment of trypano- 
somiasis ; and trypanosomes disappear from the blood in six to seven 
hours after an intramuscular injection of 0.5 gram (7.7 grains) of the 
drug: the patient may have a febrile reaction at this time. There are 
several methods of giving atoxyl, Martin and Leboeuf advising 0.5 gram 
(7.7 grains) intramuscularly, to be repeated in 48 hours; after an 
interval of 10 days the same two doses are to be given, with the 48- 
hour interval ; and treatment is to be continued in this way. A few cases 
of optic neuritis have resulted from the use of atoxyl. 

Other arsenicals have not given very^ satisfactory results; though 
Fowler’s solution may be given by mouth when treatment by injection 
cannot be carried out. 

Tartar emetic has proved to be a valuable drug in the treatment 
of trypanosomiasis; and trypanosomes disappear from the blood in five 
to ten minutes after an intravenous injection of 50 milligrams (10/13 
grain) of the drug. Tartar emetic is given intravenously in doses of 
50 to 100 milligrams (10/13 to 1 1/2 grains) dissolved in 75 to 150 c.c. 
(2 1/2 to 5 ounces) of water. One difficulty with tartar emetic is the 
severe pain and inflammation that is caused by the escape of the solution 
into the tissues around the veins. Van den Branden undertook to over- 
come this difficulty by giving the tartar emetic intravenously in oil: he 
could give 150 milligrams (2 4/13 grains) of tartar emetic (3.75 c.c. 
[1 fliiidram] of oil) this way; but there were severe symptoms — espe- 
cially violent coughing (possibly fat embolism) — when 200 milligrams 
(3 grains) of tartar emetic (5 c.c. [1% fluidrams] of oil) were given. 
Antimony salts may produce a fall of blood-pressure and dyspnea ; so it 
is .advisable to give a hyperdermic injection of ca.ffein a few minutes 
before giving the antimony. 

Tartar emetic is usually combined with atoxyl, in order to prevent 
the formation of drug-resistant strains of the trypanosome. A series 
of ten daily injections of tartar emetic is given, with an interval of 
a month before the next series. Atoxyl is given in 0.5 gram (7.7 grain) 
doses every five or six days, or 0.2 gram (3 grains) every three days. 

Daniels and Newham had difficulty in treating Rhodesian trypano- 
somiasis with atoxyl and tartar emetic; and they obtained satisfactory 
results from the subcutaneous injection of antimony oxid in a case in 
which atoxyl and tartar emetic had failed. 

Masters recommends antimony oxid, alone or combined with soamin. 
He dissolves antimony cxid in equal parts of glycerin and water by 
heating it gently, 1 c.c. of the solution containing 0.65 mg. (1/100 grain) 
of antimony oxid. He gives 2 to 3 c.c. of the solution intramuscularly 
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every other day until 26 milligrams (2/5 grain) are given. If trypano- 
somes do not disappear from the blood he gives 0.77 gram (1].8 grains) 
of soamin every five days, continuing the antimony oxid injections. 
Masters considers that soamin given in large doses is more effeo^five than 
when given in numerous small doses. 

Numerous other drugs have been used, but have not given satisfactory 
results, or have not been used in enough cases to determine their value. 

Treatment must be continued until the patient’s pulse, temperature 
and weight are normal and until at least two animal inoculations prove 
negative. If treatment is discontinued too soon, the jjatient will re- 
lapse; and relapse is serious and increases the danger of involvement of 
the nervous system. Treatment can do no more than prolong life. 

Prophylaxis. — ^l^rophylaxis is based on the premises that (1) man 
is an important source of infection, spreading it from place to place, and 
that certain wild animals serve as reservoirs of the infection and keep 
it up in endemic areas; that (2) the infection is spread from man to man 
or from reservoir to man by^the bites of tsetse fiies; and that (3) both 
sexes and all ages and races are susceptible to the infection. 

(1) Source of Infection — Eaxly diagnosis and treatment of cases 
is important. Persons ill with trypanosomiasis should be segregated in 
treatment camps, or treated in localities where they arts^mot exposed 
to the bites of flies. 

Many persons have trypanosomes in their blood for years without 
being sick. These persons are a very important source of infection, 
as they continue at their occupation and travel from place to place. 
In order to detect such cases, it is necessary to make systematic exam- 
inations of persons exposed and of all suspects coming into a locality. 
In order to carry out these examinations, it is necessary to have segre- 
gation camps in which exposed persons, suspects and travelers are held 
until they can be examined. Servants are given health certificates, and 
travelei*s are given medical passports. 

It is important \that all infected persons found be given prompt 
treatment in order to free their blood of trypanosomes as soon as possible. 

Depopulation of infected districts has not resulted in eradication of 
the infection, as the will) laniraals in the district served as reservoirs and 
kept up the infection in the flies. 

Destruction of the wild animals that act as reservoirs in a district 
has not given satisfactory results. 

(2) Mode of Tramsmissicoi. — ^Destruction of the tsetse flies has given 
good results, where it could be carried out satisfactorily. Various traps 
have been tried, but without much success. Some success has been ob- 
tained in catching flies by men wearing white clothes and having on their 
backs a square of black cloth covered with bird-lime. In their work in 
the island of Principe, Da Costa and his co-workers caught 470,000 flies 
in this in three years. Shircore has suggested revolving screens, 
like the ortliuary revolving exit and entrance door, covered with bird- 
lime and set up along caravan routes, for the catching of Glossina mor~ 
sita/ns as they follow the porters through the screens. 
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Koch advised killing crocodiles and destroying their eggs, as an attack 
on the fly through its food supply. But the flies feed on the blood of 
other animals, so that this method is not satisfactory. 

The best results follow destruction of the breeding and resting 
places of the fly. The flies require considerable moisture and a temper- 
ature not above about 25° C. (77° F.). They breed in a narrow strip of 
ground, well covered by vegetation, close to the edge of the water. 
Clearing a strip about fifteen feet wide along the edge of the water 
will to a great extent prevent breeding. But the trees and stumps 
should be removed, as Lamborn has shown that the flies breed in the 
decaying vegetation around fallen trees and under logs. As the flies 
rest in the shade of the forest and will follow humans some distance, 
it is advisable to clear a strip 100 yards wide along the water, especially 
at crossings, and 800 yards wide around villages. Da Costa and his co- 
workers eradicatod the disease from the island of Principe by clearing 
and draining and by catching flies. 

As the pupae are one or two inches in the ground, among roots or 
under logs, they are difficult to destroy. Minchin suggested the breeding 
of jungle- fowl for the destru^^^L of the pupae. ^ 

(3) Personal ProphyJaxis^^t^i^ necessary to instruct the people 
regarding the disease, and to secure their cooperation in any preventive 
work that is to be undertaken. Misery and famine are to be relieved. 
Occupations which expose to fly bites should be avoided, also 
areas in which the flies live. Travel in the fly regions should be 
undertaken at night. Whites should live at a distance from natives,, 
and persons in occupations where they are specially exposed should 
live at a distance from other people. 

White clothes should be worn, as white does not attract the fliesL 
The face, hands and ankles should be protected from the bites of flies; 
by nets, gloves and boots or leggings, in spite of the discomfort from 
the heat. 

Repellants, as citronella oil, are of some value. 

Vaccination does not offer much hope. There is no evidence of 
immunity after trypanosomiasis, such as there is after some bacterijfl 
diseases. Schilling andf Rondini allowed suspensions of trypanosomes} to 
stand for some hours at incubator temperature, and then injected the 
suspensions into animals. These animals were protected against infec- 
tion on injection of infective blood seven days later. Laveran could jjLOt 
confirm this work, and considers that in general there i^s not satisfactory 
evidence of protection. 

Prognosis. — The prognosis is bad. The progress of the disease may 
be slow, and there may be long periods of latency; Wit the tendency is 
toward death. It is not known whether the cases reported by Todd, from 
Gambia, are cases of recovery or only long periods of latency. The 
disease in Gambiq^ is less acute than in Uganda or French Congo. 

With the use of organic arsenic compounds, when taken early, the 
prognosis is not so bad, even when the patient cannot removed from 
the endemic area. Greggio studied the. effect of treatment on the length 
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of life of patients. Of 51 patients who began treatment in 1907, 20 
were alive in 1915. Most of the deaths occur in the first year of treat- 
ment (124 of 183 deaths) and the great majority in the first two years 
(157 of 183 deaths). Some patients die after as much as 7 1/2 years 
after the beginning of treatment. Of 59 i)atients found in 1911, 26 
were treated and 33 were not treated. Of the treated, 16 were alive in 
1916; of the untreated, 9 were alive in 1916. 

When the patient can be removed to a temperate climate early in 
the disease, and can be given good food, rest and proper treatment, 
the prognosis is fairly good. 

Helapse occurs if treatment is discontinued too soon ; and the prog- 
nosis of relapse is bad. 

The prognosis is almost hopeless after the nervous system becomes 
involved, though treatment may prolong life. 

Mechanism of the Disease Process. — The trypanosomes injected into 
the subcutaneous tissues by the bite of the fly, multiply and circulate in 
the peripheral blood. 

Schuberg and Boing injected trypanosomes {Trypanosoma lewis’i and 
Trypanosoma hrucci) into the skin of animals, and studied the manner 
in which the trypanosomes entered the tissues. The trypanosomes very 
quickly enter the lymph spaces of the coriurn, and ffi^n pass through 
the connective tissue to the neighboring lymph-glands. Here they mul- 
tiply enormously and are found in large numbers in the glands on the 
same side of the body before they are found in the peripheral blood. 

In the human, the trypanosomes probably multiply and travel in the 
lymphatics, and the toxin causes inflammatory reaction in the lymph- 
vessels, glands and follicles. The trypanosomes enter the blood stream 
early, producing a general infection ; and later they enter the cerebro- 
spinal fluid. 

Wolbach and Binger conclude that the lesions in trypanosomiasis 
are due to the trypanosomes which invade the connective-tissue struc- 
tures of all orgaks, the reticular tissue of lymph-glands and the spleen, 
and the substance of the brain. Martin and Leboeuf draw the following 
parallel between syphilis and trypanosomiasis: (1) local lesions; (2) 
eruption, etc. (trypanjds) ; (3) nervous system. They consider the early 
lesions due to toxin from the tryijanosomes and the later lesions due 
to changes in the tissues. 

Early in the disease there is round-cell infiltration of the tissues 
and organs; and later there is an increase in the connective tissue. The 
round-(*(dl infiltration about the blood-vessels in the central nervous 
system compresses the vessels and causes anemia of the brain. This, 
with the presence of trypanosomes in the brain tissue, gives rise to the 
cerebral changes which give the clinical picture of lethargy, or sleeping 
sickness. 

The course of the disease caused by Trypanosoma rhodesiense is the 
same as that caused by Trypanosoma ganihiense, except that the rhode- 
sian disease is generally more severe than is the disease caused by 
Trypanosoma gamhiense. 
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Immunity. — Recovery appears to be the result of the general re- 
sistance of the body, rather than any specific immunity. It is not known 
whether persons who recover are immune ; but there does not appear to 
be immunity in recovered animals. 

Schilling doubts whether there is spontaneous recovery in human 
trypanosomiasis, but there may be long periods of latency. There are 
anti-bodies — precipitins, trypanolysin, opsoiiins and substances which 
produce agglomeration of trypanosomes — in the blood of infected ani- 
mals ; and these antibodies prevent superinfection. 

Ileckenroth and Blanchard found that the serum of infected animals 
is almost always protective, and that it very exceptionally produced ag- 
glutination, rarely produced attachment, and frequently produced lysis, 
of the trypanosomes. 

Todd reports that of twelve cases of trypanosomiasis in natives of 
Gambia in 1911, four were living and in good condition at the end of 
1918; the others had died at irregular intervals. Todd considers that 
this proves there is some immunity to human trypanosomiasis; but it is 
not determined whether it is a sterilizing immunity 05 ^ a tolerance 
immunity. 

Causes op Death. — The disease may run a rapid course and cause 
death from inanition in a few months. 

Secondary bacterial infection is very common, and death is often 
due to purulent meningitis, pneumonia, or dysentery. 

Pathology. — Macroscopic. — The body is emaciated, and the enlarged 
lymph-glands are visible in the neck and groins. "" 

On opening the body there is nothing marke<lly abnormal. The 
bronchial and mesenteric glands are enlarged ; all of the lymphatic 
glands are congested, and they may be hemorrhagic. The organs are 
pale; the heart is soft and flabby; the liver and spleen may be slightly 
enlarged; the kidneys show nothing. 

The important lesions are in the brain. The cerebrospinal fluid 
is increased in quantity ; the meninges are congested ; and there is diffuse 
pachymeningitis with adhesions. The arachnoid is cloudy, and the sub- 
arachnoid space contains a yellowish, turbid exudate. The brain tissue 
is usually firmer than normal, is congestal, and may be edematous. The 
gyri are flattened, and there is excess of fluid in the ventricles. 

Lesions of complications are very common ; especially i)neumonia 
and dysentery, and, less frequently, , purulent" meningitis. 

Microscopic. — The main change is the round-cell infiltration around 
the blood-vessels in the meninges and brain; the so-called coat-sleeve 
infiltration. The infiltrating cells are mainly plasma cells; but lympho- 
cytes are numerous, and mast cells are also present. There are isolated 
areas of plasma cells in the nervous tissue. The nerve celts show chrom- 
atolysis. Later there is increased formation of fibrous tissue with 
thickening of the' meninges and the adventitia of the blood-vessels. 
Mayer- says that the change in the brain resembles that^iip paresis, but 
the genesis of the change is just the reverse: in trypanosomiasis, the 
interstitial inflammatory change is primary, and the parenchymatous 
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changes result from this; while in paresis the primary change is the 
degeneration of the parenchyma. 

The changes are less marked in the spinal cord ; the lining of the 
central canal often shows proliferation of its cells. There are no changes 
in the peripheral nerve fibers. 

All organs show the round-cell infiltration, the condition being well 
marked in the lymph-glands, the spleen and the heart muscle. In the 
lymph -channels, the infiltrating cells are in more or less dense clumps; 
while they lie singly or in small groups in the stroma of the organs. 
In the lymph -glands, the cellular infiltration leads to formation of con- 
nective tissue. 

Trypanosomes are found in the lymph-glands from the beginning 
of the disease, and are usually fairly numerous there. As soon as the* 
disease is established, trypanosomes are found in the blood, though not 
in great numbers. When the central nervous system becomes involved, 
trypanosomes are found in the cerebrospinal fluid, but they are always 
very scarce there. Wolbach found trypanosomes in the neuroglia cells 
in the brain. Vianna found cysts, like those of Trypmiosomcu cruzi, in 
the musedes of cases of sleeping sickness and in animals infected with 
Trypwnosoma gamhiense. Trypanosomes disappear from the tissues and 
fluids in a few hours after the death of the host. 


AMERICAN TRYPANOSOMIASIS 

Synonyms. — Chagas’ disease; Opilacao (in part). 

Definition. — An acute or chronic disease, caused by Trypanosoma 
cruzi, and characterized anatomically by enlargement of the thyroid 
gland and of the lymph-glands, and by meningo-encephaJitis. It is 
characterized clinically by symptoms of thyroid and suprarenal insuf- 
ficiency. 

History. — In i^09, Chagas was on a malaria expedition in the north- 
ern part of the state of Minas Qeraes in Brazil, and he found there a 
cone-nose bug that was known as ‘‘barbeiro” by the natives. This bug 
lived in the houses, ai<{i at night, after the lights were out, would come 
out and bite the occupants. Chagas recognized the importance of study- 
ing such a bug as to its possible role in the transmission of disease ; and 
on studying the bugs he found, in the hindgut, flagellates of the Crithidia 
form. It w'as a question whether this was a flagellate limited, to the in- 
testine of the bug, or was a stage in the cycle of development of some 
flagellate from a vertebrate host. 

He sent some of the bugs {Trmtoma megista) to the Oswaldo Cruz 
Institute in Rio de Janeiro, where the bugs were allowed to bite monkeys, 
whereupon the monkeys developed trypanosomes in their blood. Chagas 
studied the trypanosomes, and found that the bugs were actually the 
intermediate host of the trypanosome, and that it was eight days from the 
time bugs were fed on the monkey until the bugs could transmit the in- 
fection. 
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Chagas then returned to Minas Geraes to search for the disease 
transmitted by this bug. He found that the people in whose 
houses the bugs lived were in poor health, and some of them had physical 
findings that are known to indicate trypanosomiasis; enlarged lymph- 
nodes, edemas and a peculiar puffiness of the face. He remembered 
that he had seen similar cases which did not yield to quinin. But he 
could find nothing in the blood of these persons. Finally he saw a 
child with fever, enlarged lymph-nodes, puffiness of the face and en- 
largement of the thyroid gland ; and he found numerous trypanosomes 
in the peripheral blood, identical with the ones which the bugs had 
transmitted to the laboratory animals. Then he was able to produce 
trypanosomiasis in guinea pigs by the injection of blood from the 
chronic cases in which he had not found trypanosomes in the patients’ 
blood. Chagas named the trypanosome Trypanosoma cruzi. 

In 1919, Tejera found cases of the disease in Venezuela, and showed 
that Rhoditius prolixus, a Roduviid bug related to Triatoma, was the 
transmitter of the disease there. 

Geographical Distribution. — The disease is fairly qpmirion in the 
slate of Minas Geraes, Brazil; and is also found in Sao Paulo and at 
Bahia. It has been found in the states of Trujillo and Zulia, Venezuela. 
It exists in the eastern part of Peru. 

Etiology. — Predisposing Causes. — The disease is more severe in 
children than in adults. It appears to be more common in children; 
possibly because the bugs have a better opportunity to bite them. 

Exciting Cause: the Organism. — Trypanosoma cruzi is the cause 
of the disease. This organism is 18 to 20 microns long and about 1.5 
microns in breadth. The flagellum is not much longer than the body ; 
the undulating membrane has few undulations; the anterior end is 
pointed ; the posterior end is usually pointed, but may be rounded ; the 
blepharoplast is large and is situated close to the posterior end; the 
nucleus is situated about the middle of the body. 

Trypanosoma cruzi api)ears in the peripheral blood of the human in 
two forms: (1) Small, slender forms, with a large blepharoifiast, and 
an oval nucleus. This form is actively motile, and moves rapidly across 
the microscopic field. (2) Larger forms, with a smaller spherical 
blepharoplast and a spherical nucleus. This form has an active motion, 
in the form of the letter S, but scarc*.ely changes its position in the 
microscopic field. Chagas considers the first form as neutral and tb^ 
second form as sexual; but Bruinpt considers the first form as young 
and the second form as adult trypanosomes. 

Virulence , — The virulence varies. Guinea pigs die in from 5 to 
10 days when bitten by infected Triatoma*; but on repeated passage the 
virulence is lowered until the duration of the disease is about two months. 
Passage through monkeys raises the virulence again. The virulence is 
raised by passage through mice. 

Cultivation . — Chagas cultivated Trypanosoma cruz^^n Novy-Mac- 
Neal medium. The culture grew readily, and developed crithidial 
forms vwhich lived two months. The first and second suVoultures grew ; 
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and ^inea pigs were infected by injection of cultures. The organism 
grows readily in the beginning but is difficult to carry in culture; 
and no one seems to have obtained growth bej’^ond the second subcul- 
ture. 

Occurrence in Lower Animals, — Armadillos commonly have Trypano- 
soma cruzi in their blood, even when they are far from human habita- 
tions; and Chagas found 40 to 50 per cent, of armadillos infected in 
regions where Chagas’ disease is found. The animals are not sick. 
Cats are occasionally found infected in houses where there are cases 
of the disease. 

Experimentally, monkeys are susceptible, but the susceptibility is 
(‘ummonly limited to young monkeys and to certain species : marmosets 
are susceptible. The incubation period is from 10 to 14 days, and the 
monkey dies in from 3 to 4 weeks. 

Mice are susceptible, the incubation period at first being from 10 to 
14 days; but with repeated passage through mice the virulence is raised 
and the incubation period is reduced to about 6 days. In the beginning, 
the mice generally recover; but after the strain has become more viru- 
lent, the mice die in from 2 to 4 weeks. 

In rats, the incubation period is from 6 to 18 days, and the animals 
usually recover. In rabbits, the incubation i)eriod i??*^bout 2 weeks, 
and the infection is transient. The disease is usually chronic in guinea 
pigs, ami recovery is frequent; but the infection may be acute and 
cause death. Dogs are susceptible. 

Development in the Vertehrate Host. — When blood containing Try- 
panosoma cruzi is injected into a susceptible animal, part of the 
trypanosomes circulate in the blood as trypanosomes, and part of them 
enter the muscle fibers and the neuroglia cells and there develop the leish- 
mania form. When the trypanosomes from the digestive tract of the 
invertebrate host are injected into a susceptible animal, all of the 
trypanosomes enter the muscle fibers and neuroglia cells and there de- 
velop the leishm^ia form. These leishinania forms multixdy until the 
cells containing them are converted into cysts containing these forms. In 
four or five days the leishmania forms begin to assume the trypanosome 
form ; the cysis formed^ of the muscle fiber or neuroglia cell rupture, and 
the trypanosomes gain access to the blood, appearing in the peripheral 
blood as long, slender, actively motile trypanosomes. About the eighth 
day the larger trypanosomes appear in the peripheral blood. 

Der^elopment in the Arthropod Host. — The cycle of development 
in Triatoma m^gista is typical of the development in other arthropods. 
The large trypanosomes taken into the stomach of Triatoma megista in 
any stage of its development (larva, nymph, or adult) jiass to the in- 
testine, assume the crithidia form, lose the flagellum and become spherical 
ill about twenty hours, and divide. They then develop a flagellum and, 
in about forty-eight hours, appear as crithidia forms in the midgut, and 
multiply rapidly. In ten days to several weeks they develop into meta- 
cyclic trypanosomes in the hind-gut. These metacyclic trypanosomes 
persist in the intestinal contents of the bug for a long time, probably 
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throughout the life of the bug. In bedbugs, the infection lasts only about 
two months. 

In keeping with his belief that there are sexual and neutral forms 
of the tiypanosome in the blood of the vertebrate host, Chagas describes 
two methods of develo lament in the arthropod host: (1) the asexual 
method as described above, giving rise to x)arasites in the hind-gut ; and 
(2) a sexual method of development, giving rise to parasites in the 
hind-gut, in the body cavity, and in the salivary glands. 

Twice Chagas saw flagellates in the body cavity, and three times 
in the salivary glands of bugs he caught. The infection is not trans- 
mitted to the young through the egg. 

Epidemiology. — (a) Source of Infection. — Man is a source of in- 
fection, especially children during acute attacks of the disease when 
trypanosomes are fairly numerous in the perij)heral blood. In the 
chronic cases, trypanosomes are scarce in the peripheral blood, though 
they are present in 5 or 10 c.c. of blood. 

Chagas found trypanosomes in the blood of a cat, in a house in 
which there were triatomes; and Torres considers that yie Cat acts as 
a reservoir for the infection. 

Chagas considers that the arnuidillo serves as a reservoir for the 
infection. Armadillos are common around human habitations; and 
(^hagas found 40 to 50 per cent, of armadillos, caught in regions where 
Chagas’ disease is found, infected with Trypanosoma criizi. 

(h) Mode of Transmission. — Chagas found Triatonia megista to be 
the transmitter of the infection in Minas Qeraes ; and Torres says that 
larvae and adults of Triatoma megista, feeding on man and cats, is the 
only way in which Trypanosoma is transmitted in Brazil. 

The triatomes live in the houses which have cracks in the walls; 
they also live in outbuildings, esi)ecially chicken houses, where they 
live on the blood of chickens. Triatoma megista may live in the burrows 
of armadillos ; but Triatoma gendcvrlata is the bug usually found in such 
burrows. The larvae of Triatoma megista are about the size of an or- 
dinary bedbug; and larvae, nymphs and adults bite and spread the in- 
fection. The bugs do not bite until night, after the lights are out, when 
they come out and bite the sleeping pcoide. The bite is not painful; 
and Chagas saw about twenty larvae nymphs and adult bugs biting a 
child that was sleeping calmly. The bugs do not come out in the day, 
but they will bite if a person Jeans against -the wall for any length 
time. They spread very rapidly from house to liousi;, and from town 
to town. 

Tejera found RJwdnius prolixus to be the transmitter of the infection 
in Venezuela. This bug has very much 'the same habits as Triatoma 
megista. It lives in the grass houses, and especially in*the grass roofs 
of houses, where it multiplies abundantly ; but it is rarely found in 
houses with tile roofs. It comes out at night, after the lights are out, 
to bite. It is frequently found in the burrows of armadillos and other 
animals. 

Chagas showed that the infection can be transmitted by the bite 
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of Triatoma megista. Torres ti-ansmitted the infection to kittens by the 
bite of Tricdoma megista, the bugs being confined in tubes, and biting 
through the gauze covering the end of the tube, so that soiling with 
feces was prevented. Of 35 bugs tested in this way, 19 transmitted 
the infection, and 13 failed to transmit it. Torres failed to get infection 
by depositing the feces of infected bugs on the unbroken skin of animals ; 
and he is of the opinion that the infection is transmitted in nature by 
the bite of the bug. 

Brumpt is of the opinion that the usual mode of infection is through 
the dejections of the bug. The bugs defecate freely when biting; and, 
as they commonly bite on the lips and cheeks (hence the native name 
“barbeiro, ’’ the barber), the dejections of the bug may soil the buccal 
mucosa, although there may be no evidence of it. Brumpt considers 
that the infection may also pass through the unbroken skin or through 
the wound made by the bite. lie failed to transmit the infection to 
monkeys by the bite of infected bugs or by placing the feces of infected 
bugs on the skin ; but a monkey was infected by placing the feces of 
infected bugs in the conjunctival sac. In another set of experiments, 
there was one infection through the unbroken skin. Mayer and da 
Rocha-Liraa could not determine experimental transmission of the in- 
fection through the bite of infected bugs or ticks. 

Tejera succeeded in infecting mice by allowing infected Rhodnius 
prolixus to bite them ; but of four mice bitten, only one became infected, 
and that mouse had only a few trypanosomes in its blood. He infected 
mice by the instillation of intestinal contents of infected bugs into the 
conjunctival sac, into the anus, and on the genital mucosa. 

While Triatoma megista is the transmitter of the infection in Brazil, 
and lihodnius prolixus is the transmitter in Venezuela, Trypanosoma 
cruzi is not strictly adapted to these two arthropod hosts, but may com- 
plete its cycle of development in a number of other arthropods, and they 
may transmit the infection. In nature, it completes its cycle of develop- 
ment in Triatoma megista, Triatoma geniculata and Rhodnius prolixus; 
Triatoma megista and Rhodnius prolixus transmitting the infection to 
man, and Triaiorrui geniouMa transmitting the infection in armadillos. 
Brumpt succeeded in infecting other species of Triatoma, including 
Triaionna sang^iisuga from Texas ; bedbugs ; and a tick, Ornithodorus 
moubata. Neiva transmitted the infection to dogs, through the dog 
tick, Rhipiccphalus sanguineus, from experimentally infected dogs. 
Brumpt considers that the common bedbug, Cimex rotundatus, of Brazil, 
may be as important as Triatotna megista in the transmission of the 
infection. 

The distribution of Trypanosoma cruzi does not correspond to the 
distribution of Chagas’ disease. In Brazil, armadillos are infected, 
though far from human habitations; and Triatoma geniculata transmits 
the infection from armadillo to armadillo. Kraus and Rosenbusch found 
triatomes infected with Trypanosoma cruzi in the mountainous regions 
of Argentina, but they did not find any cases that they could be sure 
were Chagas’ disease. Maggio did not find Chagas’ disease; but he 
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found triatomes infected with flagellates which behaved in every way as 
Trypanosoma cmzi when injected in^jj animals. 

Brumpt discusses this difference in the distribution of Trypanosoma 
cruzi and Chagas’ disease. Bugs, living on lower animals, may become 
adapted to life on man; so, some bugs {Triatoma megisia and Rhodnius 
prolixus) can keep the infection going in man. Other bugs do not 
become adapted to life on man, but keep the infection going in lower 
animals (as with Triatoma gemciUata and armadillos; and probably the 
bugs in Argentina transmit the infection in some lower animal). 

(c) Susceptibility. — There is no difference in sex or race suscepti- 
bility. Young children are more susceptible than are adults; and the 
disease commonly runs an acute course in children, while in adults the 
disease is commonly chronic from the beginning. 

Symptomatology. — Chagas divides the disease into two clinical 
forms: acute and ch iconic. In the acute cases the symptoms are severe, 
and tlie parasites are found on direct examination of the blood. 

Acute Form. — This form of the disease generally affects children 
under one year of age ; and it is seen in children only a few months old. 

The period of incubation is about ten days. The disease begins with 
fever, the temperature going as high as 40° C. (104° F.) ; the fever 
is continuous, with a slight morning remission at times. There is a pecu- 
liar puffiness of the face; and, early in the disease, on palpation, the 
skin of the face gives a characteristic crepitation, which has been likened 
to that prcKluced by rubbing sheets of gelatin together. The thyroid 
gland is enlarged, also the lymph-glands, especially in the axillary and 
inguinal regions. The liver is somewhat enlarged ; and the spleen can 
be felt below the border of the ribs. There may be serous effusion 
into the pleural, pericardial and peritoneal cavities. 

Trypanosomes are found in fair number in the peripheral blood 
during the fever, 

Chagas divides the acute form into two groups: (1) the meningo- 
encephalitic form, in which there is nervous system involvement with 
resulting idiocy, paralyses or imbecility; and (2) a group in which 
the nervous system is not involved. 

The acute form lasts ten to thirty days; and the child may die — 
at times with the clinical picture of meningo-encephalitis — or the disease 
may pass into the chronic form. Chagas says that spontaneous recovery 
does not occur at this time. 

Chronic Form. — The acute form may pass into the chronic form, 
or in adults the disease may be chronic from the beginning. 

Chagas divides the chronic form into five clinical forms, according 
to the predominant symptoms: (1) the pseudomyxedenuitous form; (2) 
the myxedematous form; (3) the cardiac form; (4) the nervous form, 
and (5) chronic forms with persistent acute and suh acute manifestations, 

(1) In the pseudomyxedematous form there is a slight mucous in- 
filtration of the subcutaneous tissue, without the solid edema and parch- 
ment-like skin, or skeleton changes of myxedema. There is a violet — 



262 


TRYPANOSOMIASIS 


or blue — bronzing of the skin. The thyroid and lymph-glands are 
enlarged. Convulsions are common. 

(2) In the myxedematous form there are the solid mucous infiltration 
of the subcutaneous tissue, the mental deterioration or arrested develop- 
ment, and the skeletal changes of myxedema. The parchment-like, dry 
skin pits on pressure. The lymph-glands are enlarged, and the thyroid 
gland is atrophied. Inflammations of the eyes, as conjunctivitis, are 
common. 

(3) The cardiac form is an important one; and Chagas considers 
that the symptoms are due to the presence of the parasites in the muscle 
fibers, with the inflammatory reaction when the parasites escape from 
the muscle fibers, and the resulting myocarditis. Marked arhythmia is 
an important symptom, especially in children ; while extrasystole is 
common in older persons. Heart-block, with the pulse below 30 per 
minute, is not uncommon. Sinus irregularity is common in children, 
possibly due to vagus disturbance or to the myocarditis. Mackenzie’s 
rhythmus nodalis may occur. 

There is danger of death in asystole in cases of the cardiac form. 

(4) In the nervous form there is great variation in the localization 
of the symptoms, on account of the irregular scattering of the foci of 
parasites in the brain. Diplegias are the most common. There may be 
paralysis or a spastic condition of the lower extremities, with athetosis 
in the upper extremities; th€*re may be choreiform movements, or con- 
tractures in the lower extremities may be present. The reflexes may 
be increased. There may be disturbances of speech, amounting to 
aphasia, or pseudo-bulbar paralysis. There may be paralysis of the 
ocular muscles. There may be convulsions when there is extensive 
involvement by foci in the cerebral cortex. Other convulsions appear 
to be due to hypothyroidism, and thyroid extract relieves them ; these 
cases are in children or older persons with arrested development (in- 
fantilism). 

(5) In the form with acute and suhaeuie exacerbations, there is 
fever and other acute symptoms in addition to the symptoms of any 
one of the chronic forms. In adults it is usually the cardiac form, and 
there are enlarged thyroid and evidences of suprarenal insufficiency. 
There are few parasites in the blood. 

The exacerbations are not like severe acute attacks; and Chagas 
thinks they may be due to re-infection. 

Under the name of mctaschizoirypanotic manifestations Chagas in- 
cludes the cases of infantilism with long-standing goiter and other 
sequelae of the disease. 

Diagnosis. — ChJNicAn Diagnosis. — In the endemic area, the physical 
findings of enlarged thyroid, with a myxedematous condition of the 
skin, irregularity of heart, action, bronzing of the skin and paralysis, 
would lead one to suspect Chagas’ disease. The acute cases may be 
mistaken for malaria, while the chronic cases may be mistaken for 
uncinariasis; examination of the blood and feces is necessary for dif- 
ferentiation. 
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The chronic cases may be mistaken for goiter^ which is common in 
many parts of South America ; and thl^question has been raised whether 
the thyroid changes are a part of Chagas’ disease, or are endemic goiter 
in persons with Chagas’ disease. While Kraus and Rosenbush found 
triatomes infected with Trypamosoma crmi in the mountainous regions 
of Argentina, they did not find any acute cases of Chagas’ disease, but 
they found cases of cretinism and goiter. 

Chagas holds that the thyroid involvement is characteristic of the 
disease. He saw the disease, with thyroid involvement, in four children, 
all less than throe months old and exclusively breast fed, thus ruling 
out goiter due to drinking water. Thyroid involvement is always 
present ; and the thyroid is always enlarged, except in the myxedematous 
form, where the thyroid is atrophied and the symptoms of thyroid in- 
sufficiency are very marked. Thyroid enlargement is found in children 
and adults in Triatoma infested houses, and not in houses free of 
Triatoma. 

The nervous form must be differentiated from syphilis. 

A definite diagnosis is possible only on the finding of the trypanosome. 

Laboratory Diagnosis. — In the acute cases trypanosomes are found 
in the blood in fair number. When brain symptoms develop, the number 
of trypanosomes increases in the peripheral blood until death. When 
the disease goes on to the chronic form the number of trypanosomes 
decreases in the iieriplieral blood, until they are no longer found except 
during acute or subacute exacerbations. 

Trypanmania cruzi is very fragile ; and it is difficult to make a smear 
in which the trypanosomes are not torn. Tejera mixes a few drops of 
blood with some 10 per cent, sfxlium citrate solution to prevent coagu- 
lation, then puts a small drop of the citrated blood on a clean slide, 
exposes it one-half minute to the vapor of a 2 per cent, osmic acid 
solution, and then smears out in the usual way. He stains fifteen minutes 
by Pappenheim’s panoptic method. 

Tryx)anosomes may not be found in the perix)heral blood longer 
than two to three weeks after the onset of fever ; but they can be demon- 
strated in the blood of chronic cases by the injection of 5 to 10 c.c. of 
blood into a guinea i)ig or a young monkey. Mice and rats are suitable 
for demonstrating the trypanosome by injection of blood, but mice may 
have Trypanosoma duttoni in their blood, and rats frequently have Try- 
panosoma lewisi in their blood; and these trypanosomes might lead to 
confusion. 

The guinea pig is the most satisfactory of the available animals for 
demonstrating Trypanosoma cruzi by the injection of blood. At times 
the trypanosomes are so scarce in the peripheral blood of the pig that 
they cannot be found on direct examination of the blood. Chagas ad- 
vises examining for parasites in the endothelial cells of the capillaries 
in the lungs of the pig. Brurapt suggests xeno-diagnosis, that is, allowing 
Triatoma megista to bite the pig, and, as the digestive tract of the bug 
is a good culture tube for the parasites, they will multiply there and 
can be found by examining the intestinal contents of the bug. 
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When parasites are not found in the blood, a postmortem diagnosis 
may be made by examining for the parasites in the tissues, especially 
the heart muscle, the muscles of the legs, arms and back, and the brain. 

The blood shows secondary anemia. In the acute cases there is a 
slight leukocytosis, with an increase in the percentage of mononuclears ; 
in the chronic cases, there is no change in the leukocyte count. The 
Wassermann reaction is negative. 

Complications and Sequelae. — There are no special complications. 
The sequela? are important, as so many of the cases occur in young 
children. The sequehe are enlarged thyroid with hyperthyroidism, in- 
fantilism, cretinism, paralysis, idiocy and aphasia. 

Treatment. — No treatment has any effect on the course of the disease. 
Symptomatic treatment, especially for the hypothroidism, may lessen the 
severity of some of the symptoms. 

Prophylaxis. — (a) Source of Infection, — Persons suffering with 
the disease should be protected from the bites of Triatoma and 
Rhodnius. 

Armadillos (and possibly other wild animals) and cats act as reser- 
voirs for the infection ; but no practical results can be expected from 
destruction of these animals. 

(6) Mode of Transmission. — The best results are obtained by pre- 
venting Triatoma and Rhodnius from living in the houses and 
feeding on the people. Tejera’s finding that lihodnius prolixus lives 
and breeds in the grass roofs of houses — but not in houses with tile 
roofs — and the finding of Triatoma megista^ especially in the poor houses 
in Minas Geraes, indicates that better construction of houses would go 
far toward eliminating the bugs from human habitations. 

Triatoma is said to be attracted by articles made of leather. 

Sulphur fumigation and whitewashing of the houses have been 
recommended for the destruction of the bugs. 

(c) Susceptibility of the Population. — The bugs bite at night, and 
the adults can fly; so it is necessary to sleep under nets, as well as to 
prevent the bugs coming up the legs of the bed or along the hammock 
ropes. 

Nothing is to be expected from vaccination. 

Prognosis. — In the acute cases the prognosis is bad, as they die or 
pass into the chronic form. The prognosis is bad in the cardiac form, 
and sudden death may occur. The sequehe are permanent. 

Mechanism of the Disease Process. — The trypanosomes inoculated 
by tlie bug — either by the bite, or from the feces through the mucous 
membranes or skin — enter the tissue cells, especially the muscle and 
neuroglia cells, lose their fiagellum and assume the leishmania form. 
These leishmania forms multiply by simple fusion until the infected 
cells come to have the appearance of cysts filled with the parasites. 
After a time the cells rupture, and trypanosomes appear in the per- 
ipheral blood. The multiplication of the parasites in the muscle fiber 
simply separates the fibrils and bulges the sarcolemma, without other 
damage to the fiber. There is no inflammatory reaction about the in- 
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fected cell until it ruptures or the^arasite dies, the inflammatory 
reaction being due to the toxin set free. 

The toxin causes the early symptoms of the acute form ; and it causes 
the fatty degeneration of the liver, the meningitis, and the changes in 
the thyroid and suprarenal glands. The myocarditis is due to the damage 
done to the heart muscle by the development of the parasites in it, 
and the waxy degeneration of the muscle fibers caused by the toxin. 
The changes in the brain substance are due to the localization of the 
parasites in the brain, as well as to the toxin. 

Immunity. — ^Nothing is known regarding immunity in man. Mayer 
and da Rocha-Lima found that rats, guinea pigs and rabbits were im- 
mune after recovery from infection; and Brumpt found that recovered 
mice were immune eight months after recovery. Serum from Mayer 
and da Rocha-Lima ’s immune animals did not protect other animals 
against infection when injected twenty-four hours before or at the 
time of inoculation. Mayer and da Rocha-Lima found that relapse 
occurred; and one guinea pig relapsed after a latent period of eight 
months. 

Causes op Death. — Failure of the heart is a common cause of death. 
In the acute cases, death may result from asthenia or from meningo- 
encephalitis. 

Pathology. — Macroscopic. — There may be bronzing of the skin; 
and there is often a myxeiiematous condition of the subcutaneous tis- 
sues. The axillary and inguinal lymph-glands are considerably enlarged, 
the cervicals less so. The thyroid gland is generally enlarged and hard, 
but it may be atrophied. 

There is a yellowish serous fluid in the pleural, pericardial and peri- 
toneal cavities. The mediastinal lymph-glands are enlarged ; the peri- 
cardium is congested, and may be hemorrhagic; the heart shows an in- 
tense myocarditis. 

The liver is enlarged and fatty; the spleen is moderately enlarged, 
congested and soft. The mesenteric lymph-glands are enlarged; the 
suprarenal glands are congested. 

The most marked changes are in the meninges and the brain. The 
cerebrospinal fluid is increased in amount; the dura is congested and is 
adherent to the bone. The pia is thickened and edematous, and there 
may be a gelatinous exudate in the subarachnoid space. There are areas 
of meningitis. There may be areas of chronic encephalitis. There may 
be adhesions over the spinal dura. 

Microscopic. — In the heart, the parasites are abundant in the muscle 
fibers, many of the fibers forming cysts filled with the parasites. When 
a cyst ruptures, some of the parasites are found free ; others in phago- 
cytes. In acute cases there is diffuse inflammatory reaction in the inter- 
stitial tissue ; in chronic cases there are localized areas of inflammatory 
reaction. The small blood-vessels of the heart show perivascular round- 
cell infiltration. There may be pericarditis or endocarditis ; but no para- 
sites are found in the lesions. 

The thyroid gland shows sclerosis and round-cell infiltration, the acini 
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being small or dilated tp form cysts; and there are frequently areas 
of calcification. There is increase in the number of cells in the inter- 
stitial islands of cells. No parasites are found in the thyroid. 

The liver shows marked fatty degeneration; and in acute cases the 
degeneration may be as marked as in yellow fever. The suprarerials 
are congested and fatty, and show inflammatory reaction; later they 
show degeneration. The parasites are not usually found in the supra- 
renal glands ; but they may be found either in the cortex or the medulla. 
The kidneys may show inflammatory reaction. 

In the central nervous system^ the meninges and blood-vessels show 
a mild perivascular round-cell infiltration, of the same type as is seen 
in African trypanosomiasis. In the brain, there are scattered foci, seen 
with low magnification, in which the parasites are collected. The neuro- 
glia cells are packed with parasites, and swell to form cysts, without 
any reaction around the cell. When the cell ruptures, there is a col- 
lection of mononuclear and polymorphonuclear cells which take up the 
parasites. No parasites are found in the nerve cell. 

The skeletal muscles, especially of the legs, arms and back, are com- 
monly invaded by the parasites. As long as the parasites remain in 
the muscle fibers there is no inflammatory reaction. When the fiber 
ruptures, and the parasites escape, there is inflammatory reaction around 
the area, and the inflammatory cells pass into the ruptured muscle 
fiber. There is round-cell infiltration about the blood-vessels in the 
muscles. 

The testicles show inflammatory reaction, and the epithelial cells 
lining the seminal tubules are infected with the parasites ; and parasites 
may be found in the spermatozoa. There is round-cell infiltration of the 
interstitial tissue, and there is round-cell infiltration about the blood- 
vessels. Vianna found trypanosomes in the semen of two of six infected 
guinea pigs. 

The ovaries are sclerotic and contain cysts, but no parasites are 
found. 

The parasites are found in the endothelial cells in the capillaries of 
the lungs. Da Roeha-Lima found the parasites in fatty and connective 
tissues, the spleen, bone marrow, lymphatic glands, and in the unstriped 
muscle in the walls of the intestine and the arteries. 

Secondary infections are not common. 
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ENTAMEBTC DYSENTERY 
By Sidney K. Simon, A. B., M. D. 
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Definition. — Entamebic dysentery is a widespread disease of in- 
fectious origin, caused by invasion of the structures of the large bowel 
by the Entmneba histolytica, a specific protozoal organism belonging to 
the group of Rhizopoda. The clinical course of the disease is marked 
by a considerable irregularity and inconstancy of symptoms. There is 
an acute or subacute phase, characterized by frequent, scanty evacua- 
tions, often containing mucus and blood, by abdominal pain, tenesmus 
and general bodily depression. This phase is followed by variable 
periods of latency, during which the clinical phenomena remain, for 
the most part, in abeyance. Anatomically, the most characteristic feature 
is an undermining of the submucosal layer of the large bowel. Subse- 
quently, extension of the ulcerative process takes place into the mucosa 
and, with less frequency, into the muscular and peritoneal coats. Re- 
mote infections, usually ending in su^ppuration, occur not uncommonly 
in the liver spleen and even in the brain, the specific organism reaching 
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tliese organs by way of the blood stream from the original focus of 
infection in the intestinal tract. 

Nomenclature. — The disease has been described in the past under 
a number of different names, and even at the present time disagreement 
still manifests itself in respect to the nomenclature. The term ‘^amebic 
dysentery was first used by Councilman and Lafleur in 1891 and, al- 
though prior to that time ameboid organisms had been repeatedly dis- 
covered in dysenteric stools, the condition itself had not been recognized 
as a distinct clinical entity. The further classification, made in recent 
years, describing the organism as a separate species, under the genus 
Entameha/^ has justified the change of the original title into the more 
correct form “entamebic dysentery,” while the general state of in- 
fection induced by the specific organism should be designated more 
properly as “entamebiasis,” than as ‘‘amebiasis.” In this manner, 
an intestinal entamebiasis is to be regarded as synonymous with ent- 
amebic dysentery, although the latter designation is to be preferred, 
because of its longer and more general usage. 

Such titles as “amebic colitis,” “entamebic colitis ” or “entamebic 
enteritis,” commonly used in the past, should be discarded entirely, since 
they serve to create confusion. Likewise, the use of the word “tropical,” 
in (!onnection with the disease, is to be especially condemned as 
misleading. While it is true that infections with the Entameba histoly- 
tica are frequently encountered in tropical or sub-tropical countries, 
the fact must not be overlooked that bacillary dysenteries also occur with 
great frequency in the tropics. Moreover, it is now fully recognized 
that entamebic dysentery is a disease of world-wide distribution, with 
little respect for locality. There can be no justification, therefore, for 
the inference that the special type of dysentery caused by the Entameba 
histolytica is necessarily of tropical origin. 


ETIOLOGY 

Predisposing Causes. — While the direct cause of entamebic dysen- 
tery and of other allied morbid conditions lies in infection with the 
Entameba histolytica, certain factors undoubte<lly play a part in ren- 
dering the tissues more susceptible to invasion by the specific organism. 
It is to be recalled in this eonneetion that the mere presence of the 
parasites within the lumen of the intestinal tract does not in itself imply 
actual tissue invasion. Conditions favorable to the vegetative state of 
the organism must exist in each instance before penetration of the in- 
testinal wall is possible on a measureably large scale. In some individ- 
uals, a definite degree of immunity against the invasion of the organism 
has been shown to exist, even in the face of persistent parasitation of 
the intestinal tract with the pathogenic entameba. The following causes 
are to be considered as predisposing factors in the disease : 

METEORonoGiCAii CONDITIONS. — The rate of prevalence of the disease 
in any locality is, to a considerable extent, influenced by meteorological 
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conditions. In endemic regions, the maximum number of cases occur 
during the wetter seasons of the yeai^hat is, during the late summer 
or fall, while comparatively few cases, on the other hand, are met with 
during the colder and dryer months from December to May. In the 
Philippines, for example. Strong observed that the greatest number of 
cases appeared between June and September, the majority shortly after 
the heavy rains had begun. Rogers, likewise, concluded that the preva- 
lence of dysentery in India closely corresponds with the rainy season 
of the year, the curve declining steadily with the cessation of the rains 
late in October. H,eavy, and especially prolonged, rainfall favors the 
transmission of the infection in two ways: 

(1) By preserving the life of the cyst, which succumbs readily, if 
deprived of a liberal amount of moisture. 

(2) By causing the cyst to be washed out of the soil and out of 
stagnant pools, thus opening up new avenues of infection. 

The influence of temperature upon the spread of the disease is of 
less importance than precipitation, although outside of the body encysted 
organisms undoubtedly thrive best in a hot, as well as a moist, atmos- 
phere. Relapses of the disease occur more or less independently of 
meteorological conditions. Acute relapses, for example, frequently oc- 
curred during the very coldest periods of the winter, in the case of some 
of the author’s patients. Brown believes, in fact, that the tendency to 
relapse is augmented in cool weather, inasmuch as the general clinical 
manifestations of dysentery are evoked in a certain measure by the 
lowering of the surface temperature of the body. 

In a careful record of cases, the author has found that the incidence 
of the disease is greatest during April and May, with a steady decline 
during the summer months, and a further rise in the early fall, extend- 
ing well into November. This bears out Brown’s contention that re- 
lapses are especially prone to occur during the cool spring or autumn 
weather, rather than during the periods of summer heat. 

Altitude. — Entainebic dysentery is essentially a disease of low-lying 
and poorly drained soils. As greater altitudes are reached, the infection 
becomes less manifest. The effect of altitude on the incidence of the 
disease is shown in a characteristic way in high mountainous regions 
situated in the tropics. In the valleys and lowlands, and particularly 
along the undrained stretches of sea-eoast, a far greater number of cases 
are encountered than is the case upon the mountainsides, even within 
the same degree of latitude. In the tropics both the native population 
and the resident foreigners are, as a rule, cognizant of the better sanitary 
conditions which prevail in general in the greater altitudes, and are 
prone to select these regions as residences whenever possible, in prefer- 
ence to the valleys or the sea-coast. 

Geographical Distribution. — Until rather recent times the disease 
was universally associated with the tropics. While the transmission of 
entamebic infections is fostered by certain climatic and sanitary condi- 
tions incidental to warm countries, it has been shown that the infection 
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is capable of being disseminated with great facility in many regions out- 
side of the tropics as well. The malady is therefore not to be considered 
as indigenous to any particular locality, but, on the contrary, is to be 
viewed as a widely distributed infectious condition, reaching out into 
practically every part of the habitable world. 

In strictly tropical countries as India, Egypt, Asia Minor, Sumatra, 
Siam, Central America, parts of South America, the southern provinces 
of China, and the Philippines, all types of the disease are extensively 
prevalent among the native population, and many victims are claimed 
each year among resident foreigners as well. 

In the United States, the disease has shown a steady increase during 
the past fifteen years, and sporadic cases have now been reported from 
practically every section of the country. In the South, and especially 
in that portion bordering on the Gulf of IMexico, where semitropical 
conditions prevail, the disease is endemic. An acute outbreak of the 
malady was noted by Craig in 1916 among the American soldiers sta- 
tioned on the Mexican border. During the recent world conflict, a 
number of sporadic* cases made their appearance among the Allied troops 
in Prance. The infection was no doubt brought to that country by 
members of the Colonial soldiery, who ser\^e<l as carriers. Further ex- 
tension has been noted more recently in France and in England among 
the civilian population, and it is highly probable that tlie number of 
cases in the United States will continue to increase during the next few 
years as a result of the return to our shores of troops who have ac(piired 
the infection overseas. 

Race. — No class of individuals may be considered immune to ent- 
amebic infection. In fact, racial susceptibility does not play a very 
prominent role in the etiology of the disease. In the tropics, it is true, 
the natives seem more prone to infection than do the whites, but this 
is the result largely of the different standards of sanitation and hygiene 
which prevail among these races in all warm countries. When indi- 
viduals have been exposed to the infection for long periods of time, a 
certain degree of immunity is established. For this reason, a greater 
degree of virulence is exhibited in the case of foreigners who have re- 
cently taken up their abode in the tropics. 

Out of a series of 217 cases compiled from his own records, the 
author found 165 whites and 52 negroes to be affected. This ratio of 
approximately three to one corresponds with the population figures for 
the City of New Orleans and vicinity, from which most of the cases were 
derived. 

Sex. — In the same series of 217 cases as above, 180 were males and 
only 37 were females. A similar disproportion between the sexes has 
been noted by other observers. Futcher, for example, found 108 males 
and only 11 females in his 119 cases. Among Strong’s 200 patients, 
no fewer than 177 were males. Men undoubtedly suffer more exi>osure 
to the infection than do women, because of their more active life and the 
greater chances which they incur in outdoor occupations. 
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Age. — Among the author’s patients, the oldest recorded was sixty- 
eight years and the youngest, fourte« years, with an average of thirty- 
four years for the entire 217 cases. In view of the similarity of these 
figures to those of other observers, the greatest susceptibility to the 
disease would seem to lie between the third and fourth decades of life, 
which corresponds to the period of greatest economic activity. No stage 
of life is, however, to be regarded as immune to the disease. Kartulis, 
from his observations in Eg>'pt, became convinced that enlamebic dysen- 
tery occurs with almost eqxial frequency at all ages. Nevertheless, the 
malady is without doubt comparatively rare in infancy and early 
adolescence. 

De l^uys found only 4 cases among 300 children in an outdoor pedia- 
tric clinic in New Orleans. lie states, however, that although entamebic 
dysentery is undoubtedly a rare disease in children, this is not because 
those of tender years are less susceptible to infection, but is due rather 
to the fact that they are exposed to a much lesser extent to the etiological 
factors which bring about infection in the adult. 

Cannata was similarly able to find biit 100 children between the 
ages of two and fifteen alfected with the disease, out of a total of 6,000 
examinations made in one of the endemic centers in Brazil. 

All authorities are agreed that the prognosis is favorable in children, 
since complications are usually lacking. 

Occupation. — Occupation plays a considerable role in the etiology 
of the disease. The worker who is compelled to seek employment in 
heavily infected regions, and those whose occupation is especially apt 
to bring them into contact with a contaminated water supply are, with- 
out doubt, subjected to greatly increased chances of infection. 

In the author’s series of cases, the greater number appeared among 
individuals engaged in such occupations as logging, ditching, truck 
farming, railroad construction, civil engineering and others fields of 
work which carried the individual into swampy regions. 

Wenyon, in the course of a large series of examinations conducted 
among British troops in the tropics, found that camp cooks showed the 
highest relative percentage of infection with Entameha histolytwa. 
Among 398 cooks examined, 9 per cent, were found to harbor en- 
cysted organisms in the stools. Contrasted with this, the general per- 
centage of infection among 1,979 troopers in the same camps was found 
to be only 5.3. Wenyon acknowledges his inability to explain the greater 
susceptibility to infection shown by cooks, unless the cause may be 
traced to the large number of flies which, in the tropics, are always 
to be found in the neighborhood of the cook-houses of array camps. 

UKr^ANiTARY CoNDFiTONs WITHIN THE IIoME. — Overcrowdiiig aiid Un- 
sanitary conditions within the home in general predisi^ose to this and 
to other infections, by helping to impair the resisting forces of the body. 
House-screening is a highly necessary sanitary measure in the tropics, 
since the large number of flies and other insects found in these regions 
become important factors in the transmission of disease. Wenyon has 
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shown that the cysts of the Entameha histolytica may be swallowed by 
flies, and redeposited upon food and drinking water without losing their 
viability. It is especially necessary, therefore, that kitchens and dining 
halls in all tropical and subtropical regions be safeguarded against the 
access of flies and insect life in general. 

Overfatigue. — This attains some importance as a predisposing 
factor, especially in times of war, where groups of individuals who are 
otherwise exposed to entamebic infection are in addition forced to un- 
dergo prolonged and unaccustomed physical strain. It is a matter of 
common observation that when troops are engaged in active military 
operations, the susceptibility to entamebic infection is greatly increased, 
while a decrease in the number of cases is sliown during periods of 
relative inactivity in military camps. Similarly, in civil life, individuals 
who harbor infection with the Entameba histolytica more readily suffer 
relapses of the malady when subjected to undue physical or mental 
strain than is the case with *thoae who are spared the effects of over- 
fatigue. 

The Influence of Foods and Diet. — Since the soil becomes the 
chief repository for the protozoal cysts after they are discharged from 
the body, a special element of danger is occasioned by the use of vege- 
tables and fruit which have come into intimate contact with the soil 
during growth. Infection in tropical countries is undoubtedly conveyed 
in no small part by this means alone. In the case of individuals already 
affected with the disease, dietary indiscretions are not infrequently fol- 
lowed by a prompt outbreak of symptoms. In the same way, the sudden 
appearance of the entamebic form of dysentery among soldiers in the 
field can be traced, not uncommonly, to a poorly equipped or inefficient 
commissary. 

Exciting Cause : The Organism. — Classification. — The direct causal 
agent of entamebic dysentery and its allied morbid states is the Ent- 
ameba histolytica, a protozoal organism belonging to the genus Entameba, 
a subclass of the Sarcodina or Rhizopoda, The Rhizopoda embrace 
a large number of species, the majority of which are free-living and 
incapable of carrying on a parasitic mode of existence in man or in the 
lower animals. Several attempts have been made within recent years, 
notably by Hartmann, Calkins, Craig and others, to establish some 
uniform basis for the classification of the entire order of Ameba, in- 
cluding the parasitic ameba* of man. Though complete agreement is 
lacking, Calkins^ classification. has been the one most generally accepted. 
Calkins divides the old genus Ameba into seven distinct genera, as fol- 
lows: Ameba, Vahlkamfia, Nagleria, Craigia, Trismastigameba, Enta- 
meba and Parameba. 

Of these, according to Craig, only two contain true parasitic species, 
namely, the Entameba and the Craigia, while another, the Vahlkamfia, 
may become parasitic for a brief period of time. In the following dis- 
cussion, only those organisms will be considered which possess some 
special significance in clinical medicine. 
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(1) Genus Entameba (Leidy, 1875; Emend, Cassigrandi and Bar- 

bagallo, 18^). 

Species: Entameha histolytica (Schaudinn, 1903; Emend, Walker, 
1911). 

Entameba coli (Losch, 1875; Emend, Schaudinn, 1903). 

Entameba nana (Wenyon, 1915). 

Entameba gingivalis (Gros, 1849; Emend, Prowazek, 1904). 

The genus Entayneba, first correctly interpreted by Cassigrandi and 
Barbagallo, comprises a group of vstrictly obligatory parasites inhabiting 
the intestinal tract of man as well as that of the lower animals. The 
characteristic features of this genus, as contrasted with other genera of 
ameba, are mainly as follows: They are of relatively small size varying 
between 5 and 80 microns in diameter. The cytoplasm, or cell-body, is 
separated into two distinct portions, the ectoplasm and the endoplasm, 
which become especially prominent when the organism is in motion. 

The ectoi)lasm forms a densely reticulated structure and presents 
a glass-like and refractile appearance. The endoplasm, on the other 
hand, is coarsely granular, and its consistency is more fluid and plastic 
than that of the ectoplasm. A number of non-contractile vacuoles are 
usually contained within the meshes of the endoplasm in addition to a 
variable amount of granular material which consists, for the most part, 
of food particles, crystals and bacteria. The nucleus occupies an eccen- 
tric position within the endoplasm and, in some species, cannot always 
be made out distinctly in the living parasite. Its stnicture becomes dis- 
tinct, however, in stained specimens, and is found to vary considerably, 
even in the same species. These variations are brought about by 
relative dilferences in the amouoit of chromatin, which is distributed in 
various forms to the body of the nucleus as well as to the nuclear mem- 
brane. Reproduction takes j^lace in the vegetative stage either by simple 
division or by schizogony, with the production of a varying number 
of daughter cells. An important reproductive phase likewise occurs 
within the cyst. Cultivation of the organisms contained in this group 
on artificial media has, up to the present time, never been successfully 
accomplished. 

The genus Entameba contains several species, of which, according 
to Craig, no less than twenty-six have been described at various times 
as parasitic in man. Many of these species have been shown to be 
identical, the confusion which arose in the past being due to the varia- 
tions in morphology which occur during the different stages of the life 
cycle of the organisms. 

Entameba histolytica. — This species is now universally recognized as 
the exciting cause of a characteristic series of morbid lesions occurring, 
for the most part, in the large intestine, but also, although to a lesser 
extent, in other organs, such as the liver, the spleen and the brain. 
The pathogenic nature of the organism now known as Entameba histoly- 
tica was first clearly recognized by Schaudinn, in 1903, although other 
research workers, principally Jurgens, Councilman and Lafleur, Strong 
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and Muegrave, had, at an earlier period, studied and described disease- 
producing amebae under the terms Ameha cali and Ameba dysenterice, 
Schaudinn drew a sharp line of distinction between pathogenic and 
non-pathogenic entameba\ For the former he proposed the name Ent- 
ameba histolytica^ because of its marked tissue-invasive power ; while 
for the latter, the name Entameha coli was suggested, on account of the 
frequent presence of this organism as a harmless parasite in the colon. 
Schaudinn ’s classification has been accepted by practically all observers, 
although some of his original interpretations concerning the morphology 
and life cycle of the organism have since been proven to be erroneous. 

In 1907, Vicreck announced the diseover^^ of a supposedly new 
species of patliogenic entarneba which he had observed in the stools of 
a dysentery patient from Africa. This species was entitled Entameha 
tetragena. A few months later, Hartmann and Prowazek published a 

A B C 

Fic. I. — Entameha IIistoiatica. (After Kocmer, From C. F. Craipj, '‘The Para- 
sitie AiTieba? of Man, J. B. Lippincott Co.) 

A. Entameha histolytica, showing nucleus ami two red blood-corpuscles. 

B and C. Entarneba histolytica filled w'ith red blood -corpuscles. Note the 
well-defined ectoplasm and endoplasm. 




description of the same organism under the name Entameha africana. 
In accordance with the rules of priority, established for scientific 
nomenclature, it became necessary to retain the tenn tedragena in pref- 
erence to that of africana. The vegetative forms of this supposedly 
newly discovered species proved to be smaller than those of the Enta- 
mcha histolytica and displayed a nucleus much richer in chromatin, and 
therefore more visible in the living parasite. True encysted forms were 
likewise described as a part of the life cycle of this organism, containing 
from one to four nuclei. For a number of years, the Entameha tetra^ 
gena was looked upon as a distinct pathogenic species, but in 1911 
Walker, and shortly after. Darling, Craig and others succeeded in estab- 
lishing its identity with the Entameha histolytica. It is certain that 
Schaudinn had entirely overlooked this important phase in the life cycle 
of the Entameha histolytica (the so-called tetragena stage) and had 
erroneously considered the budding ]>rocess, often observed in senile 
races, as the sole method of reproduction. 

Another phase occurring during the cycle of development of the 
pathogenic entarneba, first described by Elmaissian in 1909 as Entanneha 
minuta, was also, for a time, looked upon as a separate species. These 
forms had previously been confused with those of Entameha colly but 
they can be differentiated from this latter organism by the character 
of the nucleus and other properties which establish its direct connection 
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with the Entameba histolytica, Entameba mirmta is, therefore, now 
generally regarded as a further step in the life process of Entameba his- 
tolytica (the so-called minuta stage) wich immediately precedes that 
of encystment (also referred to at times as the precystic stage). It 
is thus apparent that the Entameba histolytica, as originally described 
by Schaudinn, is a decidedly polymorphic organism, possessing a num- 
ber of complex morphological forms during its free and active state, 
and a distinct reproductive phase within the cyst, ending in the forma- 
tion of four daughter ameba^. 

The following features are characteristic of the free stage of Ent- 
ameha histolytica as a whole: the size varies from 15 to 80 microns in 



Fig. 2. — Photomicrograph of Entameba Histolytica. 

Showing the clear ectoplasm, with a largo number of red blood -corpuscles con- 
tained within the parasite. (After Viereck, From C. F. Craig, ‘'The Parasitic 
Amebac of Man, ^ ’ J. B. Lippincott Co.) 


diameter, with an average of from 25 to 40 microns. Under favorable 
conditions, the organism exhibits great activity, the endoplasm being 
extruded in a peculiarly explosive manner, forming characteristically 
elongated and finger-shaped pseudopodia. 

The clear and highly refractile ectoplasm is of dense structure, which 
enables it to penetrate the intestinal wall without difficulty. One of the 
notable features of this species is the clear-cut demarcation between 
the ecto- and endoplasm, wliich is distinguishable even when the organ- 
ism is at rest. 

The endoplasm is light grayish or pale green in color, and, in addi- 
tion to a well-defined nucleus, contains coarse granules and a number of 
non-contractile vacuoles of various sizes. Marked predilection is shown 
by this organism for red blood-corpuscles, which are ingested and re- 
tained within the endoplasm mainly for the purpose of nutrition. The 
nucleus is of vesicular type and ring-shaped, and because of a relative 
deficiency in chromatin, is not always visible in the larger histolytica 
forms. During the tetragena and minuta stages, the nucleus is, however, 
clearly outlined as a rule, and is found to occupy an eccentric position 
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in the endoplasm. The motility is greatest during the histolytica stage, 
and it is during this stage that the organism is enabled to enter the 
tissues and carry on its complete life cycle beyond the lumen of the gut. 
Reproduction takes place by binary fission with the formation of two 
daughter cells. Several generations of vegetative cells are produced, 
as a rule, before encystment finally occurs. In the older strains, spores 
otr buds may frequently be observed. These spores eventually become 
detached from the parent cell, which fact led Schaudinn to believe that 
they represented a form of reproduction, a view which is now known 
to be erroneous. The reproductive phase within the cyst constitutes 
practically the sole means of preservation of the species, since the 
trophozoites succumb rapidly outside of the body, and therefore rarely 
serve as infectious agents in the new host. The cysts of Entameha his- 
tolytica range from 10 to 20 microns in diameter, and are therefore re- 



Fig. 3. — Changes in the Form op Fntameba Coli during Ameboid Motion. 

Note the lack of differentiation of the ectoplasm and endoplasm and the 
distinct nucleus. (From C. F. Craig, “The Parasitic Ameb® of Man, J. B. 
Lippincott Co.) 

latively smaller than those of Entameba cold. The cytoplasm of the cyst 
is finely granular, and is enclosed within a dense and highly resistant 
cyst wall. The number of nuclei varies from one to four, depending 
upon the stage of maturity of the cyst. 

In addition to the nuclei, variable amounts of chromatin are, at times, 
present within the cytoplasm, as well as a number of clear vacuoles, 
some of which contain glycogen, 

Entameba coU. — This is the most widely distributed of all the intes- 
tinal protozoa. The frequency with which this organism is found in the 
stools varies in different localities, but on the whole the percentage 
ranges considerably higher than that of the Entameba histolytica. 

According to Craig, a considerable number of healthy individuals 
throughout the world harbor Entameba coli in their feces. As evidence 
of this fact, Craig found that in 200 healthy American soldiers stationed 
at San Francisco, 65 per cent, showed cysts of Entameba coli in the 
stools. Vedder likewise examined the stools of American soldiers in the 
Philippines and found 50 per cent, to be infected with non-pathogenic 
entamebee, while over 75 per cent, of Philippine Scouts revealed the same 
organisms in their feces. Schaudinn himself had discovered similar in- 
fection in 50 per cent, of healthy individuals examined in West Prussia, 
while along the shores of the Adriatic, 66 per cent, gave evidence of 
infection. These figures have been confirmed more or less by numerous 
other observers. 
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The harmless character of the Entameha coli has been demonstrated 
experimentally in both man and the lower animals. In the human ex- 
periments conducted by Walker and Sellards, in the Philippines, it was 
noted that out of 20 individuals successfully parasitized with the or- 
ganism, not a single one showed clinical manifestations, nor did 
pathological lesions develop, as far as could be ascertained. Other in- 
vestigators have found it impossible to produce dysentery in the lower 
animals following ingestion of either the free or the encysted forms of 
this parasite. The fact that the organism is found not infrequently in 
the dejecta of diarrheal patients has suggested, in the minds of some, 
a possible causal relationship between it and the disease process. This 
is entirely disproved by the well-established fact that the organism ap- 
pears in a large percentage of healthy individuals who never exhibit 
any evidence of intestinal derangement. 

Scliaudinn, in 1903, was the first to differentiate this species definitely 
from that of the Entameha histolytica. The vegetative forms are, as a 
rule, smaller than those of the pathogenic entameha;, averaging from 25 
to 35 microns in diameter. The movement is likewise more sluggish, 
and the pseudopodia are blunter and of frailer consistency, an important 
differential factor between the two species, since the Entameha coli is 
thereby rendered incapable of penetrating the mucous membrane of the 
intestinal tract. It is impossible to distinguish between the ectoplasm 
and the endoplasm, unless the organism is in motion. The endoplasm 
is finely granular and colorless and contains a number of non-contractile 
vacuoles. The nucleus of this species is relatively rich in chromatin and 
can therefore usually be made out with great clearness in unstained 
preparations. The organism does not ingest red corpuscles, differing 
markedly in this respect from the vegetative forms of the Entameha 
histolytica. 

The writer is thoroughly in accord with Wenyon’s view that differen- 
tiation between the two species is never certain, in unstained preparations 
except by means of the presence or absence of red blood-corpuscles within 
the endoplasm. In this connection, it must not be overlooked that some of 
the smaller strains of Entameha histolytica remain free of red blood-cells, 
so that their absence in a suspected entameba is not necessarily to be I'e- 
garded as conclusive evidence of the non-pathogenicity of the organism. 
In stained specimens, differentiation is rendered comparatively easy 
by a careful study of the nuclear structure. 

Marked differences likewise exist in the encysted forms of the two 
organisms, Entameha histolytica and Entameha coli. The cysts of the 
Entameha coli are generally spherical, and range in size from 12 to 22 
microns. They are thus comparatively large in size and contain, at 
full maturity, from 8 to 16 nuclei, which may be clearly recognized, es- 
pecially in preparations stained with iodin. The cytoplasm of the cyst 
is distinctly vacuolated, although the vacuoles themselves, in this species, 
do not often contain glycogen. In addition to reproduction within the 
cyst, the organism undergoes reproduction in the vegetative state, by 
simple division resulting in the formation of two daughter cells. 




Fig. 4. — Forms op AMESiE. (After drawing by Teodosis S. Espinosa. From 
E. L. Walker and G. W. Sellards, “Experimental Entamebic Dysentery, Philip- 
pine Journal of Science, Aug., 1913, viii. No. 4, 331.) 

(Fixed and stained preparations at the magnification of Zeiss 1/12; oil im- 
mersion objective ocular 3; tube length 160 mm., with camera lucida.) 

1. Motile form of a typical anieba, cultivated from the Manila water supply. 
Note the small size, central arrangement of the chromatin in the nucleus, and the 
contractile vacuole. 

2. Encysted form of tlie same species of ameba. Note the small size and single 
nucleus with central arrangement of chromatin. 

3. Motile form of Entameba coli, from stool of a healthy person. Note the 
dense granular structure of the cytoplasm, the relatively large amount of chromatin 
and its peripheral arrangement in the nucleus. 

4. Encysted forms of Entameba coli, from stool of a healthy person. Note 
the large size, the relatively thick cyst wall, the 8-ring form nuclei, and the absence 
of “chromidial bodies.’^ 

5. Motile form of Entameba histolytica, from the stool of an acute case of 
entamebic dysentery. Note the reticulated structure of the cytoplasm and the 
scanty chromatin in the ring- form nucleus. 

6. The “tetragena^^ type of motile Entameba histolytica, from a chronic 
case of entamebic dysentery. Note the structure of the nucleus. It contains a 
heavier peripheral ring of chromatin — a part of which is detached from the 
nuclear membrane — than in the typical histolytica, and there is a central karyo- 
some, consisting of a central granule surrounded by a circle of chromatin granules. 

7. The precystic stage of Entameba histolytica, from a “carrier’' case. Note 
the small size, dense cytoplasm, and heavy peripheral ring of chromatin in the 
nucleus, which causes it to resemble a small Entameba coli. 

8. Encysted form of Entameba histolytica, from a convalescent case of ent- 
amebic dysentery. Note the small size, the cyst wall, the 4-ring form nuclei, and 
the “chromidial body," 
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Entaxmeha noma, — The vegetative forms of this organism were first 
recognized by Wenyon in 1915, during the course of a routine series of 
stool examinations made on British troops stationed in Egypt. They 
were originally interpreted by him as typical forms of Ameha limcuc 
although the failure to obtain cultures on artificial media was sufficient 
to throw doubt upon this interpretation. Subsequently, Wenyon suc- 
ceeded in identifying the organism as a distinct species of parasitic 
entameba, a view which has now been universally accepted.* 

The organism received its name because of its uniformly small size, 
the free forms measuring only from 5 to 10 microns in diameter. Move- 
ment is rather sluggish, and the clear hyaline pseudopodia terminate in 
blunt rounded tips. The endoplasm contains an unusually large number 
of vacuoles, in addition to the food particles and other extraneous ma- 
terial. The organism is incapable of ingesting re<l blood-corpuscles. 
The nucleus is clearly discernible in the living parasite. In stained si>eci- 
mens no central granule is present, the chromatin being distributed over 
the nuclear membrane in relatively large masses, forming irregular 
clumps. At times, a number of small filaments are to be observed passing 
directly across the nuclear space from the clump of massed chromatin 
to the opposite pole. This type of nucleus is absolutely characteristic 
of the Entamcha nana, and is likewise present in many of the cysts. 
Reproduction takes X)lace in the free state in the usual manner. The 
cysts are either oval or spherical in shape, and, like the trophozoites, 
are smaller in size than those of Entameba histolytica or Entameba colL 
The cyst wall is thin, and the cytoplasm contains numerous small 
vacuoles, in many of which bacteria are found. As in other species, 
food in the form of glycogen is stored in some of the vacuoles for the 
nutrition of the cyst, and these stain a deep brown with iodin. In some 
strains, an especially large glycogen vacuole is {)resent, entirely obscuring 
the nucleus. It is highly probable that the so-called iodin cysts are, in 
reality, types of encysted Entameba nana, with especially large vacuoles, 
liberally supplied with glycogen. The number of nuclei in the cysts 
varies from 1 to 4 and the characteristic nuclear structure serves as a 
definite means of differentiation from the encysted forms of other 
entameba. 

The distribution of Entameba nana has not as yet been completely 
determined. Wenyon found the organism to be one of the commonest 
types of intestinal protozoa in Egypt. 

In a recent article, Kofoid states that Entameba nana is of wide 
geographical distribution, infections with this organism exceeding in 
frequency infections with Entameha histolytica and with Entameba coli. 
In the course of a detailed examination of feces from American 
troops returned from overseas duty, this author found cysts of Entameba 

* Dobell has recently taken the position that this organism does not belong in the 
genus Entawchaf on account of the peculiarity of its nuclear structure, as exhibited 
both in the free and in the eiicystetl state. He has insisted upon a reclassification of 
the organism under the genus Endolimax (Kuenen and Swellengrebel, 1917), repre- 
sented by a single species, namely, Endolimax nana (Wenyqn and O'Connor, 1917, 
Brug, 1918). 
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7uma in 417 out of 1,500 men examined, or 28 per cent., while infection 
with the Entameba coli and Entameba histolytica comprised 23 per cent, 
and 9.3 per cent, respectively. All authorities agree that the Entameba 
noma is devoid of pathogenicity, occupying a position, in this respect, 
similar to that of Entameba coli. 

Entameba gingivalis. — Gros discovered this organism, in 1849, and 
assigned to it the name Amaba gingivalis. In 1904 IVowazek made a 
complete study of the ameboid organisms occurring in the human mouth, 
and came to the conclusion that they belonged to a distinct species, for 
which he proposed the name Entameba buccalis. The identity of the 
various buccal arneba* has been completely proven, so that under the 



A and B. Vegetative forms as seen in fresli preparations. 

C, D and E. Cysts in various stages of development, showing one, two and four 
nuclei. (After Wenyori and O'Connor.) 

rules of priority the correct terminology for the organism should remain 
Entameba gingivalis. This parasite has achieved considerable prom- 
inence in recent years because of its supposed connection with the 
lesions of pyorrhea alveolaris and other purulent conditions of the 
buccal cavity. 

Barrett and Smith, as likewise Bass and Johns, have claimed a direct 
etiological relationship between this species and j^yorrheal conditions of 
the gums. At the present time most authorities believe that although 
the Entameba gingivalis is a constant invader of the mouth and of the 
peridental tissues, it is doubtful whether the organism itself is the direct 
etiological factor in pyorrhea alveolaris. On the other hand it is by no 
means certain, as has been insisted upon in some quarters, that the 
actively motile parasites of this species are entirely devoid of pathological 
significance.* 

* The tissue-invading property possessed by this organism most probably serves as 
a means for the introduction of bacteria into the peridental tissue as well as for 
the carrying of the bacterial organisms constantly into new areas. 
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The relationship between the organisms Entameha gingivalis and 
Entameba histolytica has been completely disproved by carefully con- 
ducted experiments which have been made upon lower animals. In 
man, infection of the intestinal tract has never been traced to the 
Entameha gingivalis. This distinctly buccal parasite is of relatively 
small size, measuring from 6 to 35 microns in diameter. .The ectoplasm 
and endoplasm are indistinguishable during the resting stage of the 
organism. Under favorable conditions, motility is very active, the 
pseudopodia being thrust out, as in Entameha histolytica, in the form 
of elongated, sharp projections. The endoplasm contains non-contractile 
food vacuoles, in conjunction with a considerable amount of granular 
material but, in most instances, the nucleus is invisible in the living 
parasite. This organism, like the Entameha histolytica^, is phagocytic 




Fig. 6. — Entameba Gingivalis. 


a-d, The same specimen observed during five minutes. (X 1,000.) 
c, The organisms fixed and stained with iron-hematoxylin. (X 1,500.) (After 
Leyden and Ldwenthal.) 


for red blood-corpuscles. Reproduction usually occurs by simple divi- 
sion. Schizogony is rare. The cysts measure from 8 to 10 microns and 
contain but one nucleus. It is doubtful whether reproduction ever occurs 
in this species during the encysted stage. 

The distribution of Entameha gingivalis is universal. The organism 
has been found not only in the structures of the mouth proper, but 
also in the tonsillar crypts and in purulent collections situated within 
the salivary glands and ducts. 

(2) Genus Craigia. 

Species : 

Craigia hominis (Craig, 1906; Emend, Calkins, 1912) ; Craigia 
migrans (Barlow, 1915). 

The organisms included in this genus were first described by Craig in 
1906, under the name Parameba hominis, Calkins, in 1912, called at- 
tention to the erroneous nature of this classification, and proposed that 
a new order be created, for which he suggested the name Craigia. Two 
species have been identified, both of which are parasitic for man, namely, 
Craigia hominis (Craig, 1906; Emend, Calkins, 1912) and Craigia 
migrans (Barlow, 1915). The feature which differentiates these or- 
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Fjo. 7. — ('raigia Hominis. (After Craig. From pencil drawings, X 1,200.) 


A. Typical organism in amebic stage. Note structure of nucleus and accessory 
nuclear body 

B. Abse’iee of aeceaeory nuclear body and different type of nucleus. 

C. Cyst showing one nucleus. 

D. Cyst showing granular appearance of cytoplasm and the presence of numer- 
ous nuclei. 

E. Young flagellate form. 

F. Fully developed flagellate form. Note absence of undulating membrane, the 
single flagellum, the nucleus, and accessory nuclear body. 

G. Dividing flagellated form, the flagellum being partly divided, while nucleus 
and accessory nuclear body have divided. 

H, Flagellate forms after loss of flagellum and just before becoming ameboid. 

ganisms from other species of ameba depends upon the existence of two 
distinct vegetative phases, including both an ameboid and a flagellate 
stage. The ameboid forms vary from 10 to 25 microns in size. The 
ectoplasm is distinguishable from the endoplasm only when the organism 
is in motion. The endoplasm is finely granular and contains a nucleus 
of modified Umax type. Not infrequently, in the larger parasites, a 
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small accessory nuclear body is visible, which Craig, in his original 
description, considered identical with the so-called nebenkorper of the 
Paramteba eUhardi, as described by Schaudiim. Because of this acces- 
sory nucleus, Craig believed that he was dealing with another species 
of paraineba. Reproduction takes place in the ameboid stage by simple 
division, with the formation of two daughter amebsB. Encystment even- 
tually occurs, and in the process of reproduction within the cyst a num- 
ber of swarmers are produced, each having a single flagellum. The 
flagellate forms grow rapidly, and upon reaching full development, 
measure from 10 to 20 microns in diameter. The single flagellum is 
relatively long and resembles a corkscrew in shape. The nucleus is 
spherical, and is situated posteriorly near the origin of the flagellum. 

Reproduction takes place in the swarmer stage, likewise, by simple 
division. As a result of this reproductive phase, new generations of 
ameboid forms are subsequently developed. 

According to Craig, the flagellate forms of this organism are often 
erroneously confused with other types of flagellate protozoa, such as the 
Trichomonas iniesiinalis or Cercomonas intesiinalis. Craigiasis, in 
Craig’s opinion, has a wider distribution than is generally suspected. 
Clinically, the condition is accompanied by either diarrhea or dysentery, 
which may alternate with periods of constipation. 

In examining the stools of several patients suffering from a severe 
form of diarrhea, in Honduras, Barlow ran across an organism similar 
in many respects to the Crcdgia homdnis. He noted a number of dis- 
tinctive features, however, which entitled this organism to separate 
classification as a new and distinct species (Craig ia migrants). The 
young flagellates of this species are very small (from 3 to 5 microns), 
and as many as 40 swarmers have been observed in one cyst. Repro- 
duction does not occur during the flagellate stage, the organism merely 
passing from this form into that of an ameba. 

Barlow feels certain that the Craigia migrans is the cause of many 
cases of tropical diarrhea and dysentery, and claims to have been able, 
in a number of instances, to trace a causal relationship between this 
parasite and abscess of the liver. 

In some quarters, the status of both species of Craigia has been 
called into question, and doubt has been expressed concerning their 
identity as distinct organisms. Among others, the author has never 
been able to confirm their presence in many hundreds of diarrheal stools 
examined. 

(3) Genus Vahlkampia. (Chatton, 1912, Emend, Calkins, 1912). 

Species: Vahlkamfia lobospinosa (Craig, 1912). 

In most instances, ameb^e belonging to the so-called limcox group are 
to be included in this genus. These parasites are essentially free-living 
forms, finding a suitable habitat, as a rule, in small bodies of fresh or 
stagnant water and in moist soil. The features which characterize this 
class of ameba have been summarized by Calkins as follows : 
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‘‘Minute free-living or commensal rhizopods, moving with finger 
form single pseudopodia, or with irregular ectoplasmical outbursts to 
form local or general hyaline ectoplasm.’’ 

The nucleus is either single or double, containing finely-defined 
chromatin forming a membrane-like contour with a definite karyosome. 



Fig. 8. — ^Vegetative Forms of Vaiilkamfia Lobosptnosa. (After Craig. From 

pencil drawings, X 1,200.) 

A. Shows largo contractile vacuole near the nucleus, and typical nucleus; note 
the large, deeply staining karysoine. 

B. The contractile vacuole near the periphery of the cytoplasm. 

C. Division of the nucleus; note the polar bodies and equatorial plate. 

D. Nuclear division. 

E. Organism containing yeast-cells; note the granular appearance of the nuclear 
membrane. 

F. Typical young cyst. 

G. Old cyst; note thick cyst-wall which is folded in places — a very character- 
istic appearance of the old cysts. 

H. I, J. Cysts; I and J degenerated cysts, the nucleus having disappeared. 
K. Young organisms shortly after liberation from cyst. 

Reproduction takes place by simple division. The cysts are uninuclear. 
The food is mainly bacteria. The organisms belonging to this genus 
may, in most instances, be cultivated upon artificial media — a point of 
importance in differentiating this group of parasites from true parasitic 
entamebse. 

One species of Vahlkamfia, namely that designated by Craig in 1912 
as Vaihlkamfia lohospinosa, may, however, for a short period of time, 
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become parasitic in the intestinal tract of man as well as in some of 
the lower animals. In every instance, when an ameba has been cul- 
tivated from the feces or from drinking-water, careful investigation of 
the cultivated organism has proved its identity with the genus VaM- 
kmnfia or other free-living types of ameba. The presence of this 
organism in the intestinal tract of man is brought about through the 
ingestion of contaminated food or water, and their existence in the 
animal host is to be interpreted merely in the light of a temporary and 
harmless commensal. The cysts are easily distinguishable from those 
of the parasitic Entameba, due to the presence of a large central mass 
of chromatin within the nucleus. 

The genus Vahlkamfia is especially prevalent in tropical countries, 
where the organisms propagate freely in undrained soils and in stagnant 
pools of water. 

Experimental Entamebiasis. — In Man. — In 1913, Walker and 
Sellards conducted a series of feeding experiments in man, with different 
species of amebte and entamebae, which has helped materially in the 
solution of many important clinical problems. Previous to this Cassi- 
grandi and Barbagallo, also Schaudinn, had ingested encysted amebae, 
which they subsequently reobtained from their own stools without evi- 
dence of disease having been produced. The importance of Walker and 
Sellards’ tests lay in the fact that they were able to bring about true 
entamebic dysentery in 4, or 22.2 per cent., out of 18 men experimentally 
parasitized with the Entcumeha histolytica. These men were Filipinos 
confined to the Bilibid Prison in Manila, who had been under observation 
for years without having shown infection with intestinal parasites at 
any time. Twenty men in all were allowed to ingest the encysted forms 
of Entameba histolytica. Of these, 17 became parasitized after the first 
feeding, while in 1, infection was acquired only after three successive 
feedings. Of the 4 men who subsequently developed dysenteric symp- 
toms, the incubation period turned out to be twenty, ninety-five, eighty- 
seven and fifty-seven days respectively, yielding an average of 64.8 days 
for the series. Another important point brought out in these exi>eri- 
ments involved the complete identity of the Entameba histolytica and 
the Entameba tetragena^ which, prior to that time, had been considered 
as distinct species. Two of the men were fed motile entameb«e of the 
histolytica type, obtained from a case of acute entamebic dysentery. In 
both instances, parasitation occurred wdthin four days, when typical 
tetragena cysts were discovered in the stools. In the case of one man 
who was fed tetragena cysts from a convalescent case of entamebic dysen- 
tery, cysts were recovered within, two days. The cysts persisted in the 
stools for a further period of twenty days, after which symptoms of 
acute dysentery developed, presenting typical histolytica organisms in 
the feces. In the course of further experiments, the non-pathogenicity 
of Entameba coli was definitely proven. This conclusion was based on 
the fact that of 17 men successfully parasitized with the Entemieba coli, 
not a single one developed disease symptoms. In addition, the fact 
was clearly established that the parasitic entamebae could not be cul- 
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tivated upon Musgrave and Clegg’s or other artificial media. Altogether, 
Walker and Sellards’ work is to be regarded as the greatest single 
advance made in our knowledge of entamebic disease, since the publica- 
tion of Schaudinn’s classification of the organisms in 1903. 

In Lower Animals. — Experimental reproduction of entamebic dysen- 
tery in the lower animals, by inoculation with infected material, can 
be accomplished with comparatively little difficulty. Cats have proven 
to be the most susceptible of the lower animals, and have been selected 
almost exclusively for experimental purposes, although the disease may 
also be reproduced in dogs, monkeys and rats. Several methods of 
inoculation are employed: (1) by the injection of infected dejecta 
directly into the rectum of the animals; (2) by the oral administration 
of material containing the parasites, especially in the encysted form ; 
(3) by direct inoculation into the cecum after laparotomy. The latter 
method proved very successful in the experiments of Baetjer and Sel- 
lards. These authors were able to obtain typical entamebic lesions in 
50 per cent, of the cats inoculated in this manner. Their method con- 
sisted in the performance of a laparotomy as an initial step. Subse- 
quently, the infected feces were injected directly into the cecum, under 
strict aseptic precautions. In this manner, the organisms were carried 
through several strains extending over a period of many months. The 
animals subsequently died from sepsis, due to the increased virulence 
of the bacterial organisms present in the transfers. Ten animals in all 
were experimented upon, in five of which typical lesions promptly 
developed. 

When the disease is reproduced experimentally in lower animals, by 
means of rectal injections, the lesions tend to localize in the rectum. In 
addition, the incidence of infection through the rectum is considerably 
lower than is the case when inoculation is undertaken by feeding through 
the mouth. The cause of this is obvious when one considers the greater 
degree of infectivity possessed by the encysted forms in contrast to 
the free or vegetative forms. Rectal inoculation with cysts is impos- 
sible, W'hile the feeding of unencysted organisms to the animal fails 
to bring about parasitation of the intestinal tract in practically every 
instance, because of the rapid destruction of the frail trophozoites in 
the presence of the digestive juices. 

The incubation period in lower animals ranges from four to twenty 
days. The entamebce which are recovered from the intestinal tract do 
not differ morphologically from the type of organism associated with 
the disease in man. 

The comparative ease of inoculation in cats, dogs and certain other 
animals has suggested the possibility of the spontaneous occurrence of 
entamebic infection among the lower animals in general. Cases with 
characteristic symptoms and lesions have been reported in monkeys by 
Eichhorn and Gallagher, Macfie, Mathis, Wells and others, and in 
dogs by Ware. For some unexplained reason, spontaneous entamebic 
dysentery in cats has been noted with extreme rarity. As a result of a 
series of successful inoculation experiments in rats, Lynch was led to 
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investigate the possible presence of the disease among these animals in 
certain infected quarters in Charleston, S. C. He found three rats with 
typical lesions of intestinal entamebiasis, in the negro quarters of that 
city. The organisms recovered from the feces were indistinguishable 
from those of Entameha histol'i/tica. Lynch believes that rats may be- 
come infected by eating human feces which contain encysted parasites, 
and considers this rather ubiquitous animal a possible disseminator of 
entamebic infections both in man and in the lower animals. 

Cultivation of the Parasitic Entamebae. — The cultivation of par- 
asitic entamebae on artificial media is a subject to which much thought 
and attention has been given by research workers in recent years. As 
early as 1879, Cunningham claimed success in cultivating dysenteric 
amebse, stating that such cultures produced dysentery in cats. Sub- 
sequently, Gross (1882), Kartulis (1890), Frosch (1897), Cassagrandi 
and Barbagallo (1897), each in turn reported success in attempts made 
by them to obtain cultures of dysenteric entamebai. These cultures were 
made in symbiosis with various bacteria, but in the light of our present 
knowledge, it is certain that the cultures of amebic were not of the 
parasitic type. In 1904, Musgrave and Clegg published a report of 
extensive investigations which they had made with the cultivation of 
amebae taken from the intestinal tract of man and the lower animals. 
They employed a special culture medium made up of alkalinized agar 
to which pure cultures of bacteria were added as symbionts. These 
authorities claimed to have produced the typical clinical symptoms of 
dysentery in monkeys with the use of such cultures, and believed that 
they had succeeded in cultivating true pathogenic entamebie. The con- 
clusions arrived at by Musgrave and Clegg were later confirmed by 
Walker (1908). It is the opinion of practically all observers at the 
present time that ameba3 cultivated under such conditions bear no rela- 
tionship to the parasitic entamebse of the human intestinal tract. As 
early as 1911 Craig stated his belief that the parasitic amebae of man 
had never been cultivated, an attitude which he has since consistently 
maintain^’d. Whitmore, Bourret, Mathis and Kumagawa have likewise 
acknowledged failure in their attempts to cultivate pathogenic entamebaB. 
It may be recalled that Walker and Sellards, as a result of the human 
experiments, arrived at the conclusion that Entanieba histolytica was a 
strictly obligatory parasite of the intestinal tract which could not be 
cultivated upon artificial culture media. The amebce which these authors 
succeeded in cultivating from the stools of patients suffering with dysen- 
tery conformed morphologically to the Umax or free-living type. In the 
tropics, the spores of free-living amebae are constantly present in all 
supplies of drinking-water, as well as in the atmosphere and moist soil. 
These bodies are thus constantly swallowed by individuals residing with- 
in the tropics, and reapi>ear unchanged in the stools, from which cultures 
can be made without difficulty. The cultivation of free-living amebae 
from the dejecta is, on the other hand, rarely successful in temperate 
climates, yielding further proof of the fact that the ameboid organisms 
cultivated from the stools are of the non-parasitic type. 
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Very recently, Cutler has claimed complete success with a special 
method devised by him for the cultivation of the Entameba histolytica. 
The media employed in these experiments are of two varieties: (1) An 
egg medium is used, consisting of the white and yolk of one egg thor- 
oughly shaken up with 300 c.c. of distilled water, to which a few drops 
of blood are added. This mixrture is brought to the boiling point in a 
water bath and this degree rff temperature is maintained for half an 
hour. Divided quantities in test-tubes are finally sterilized in an auto- 
clave. (2) A so-called blood-clot medium is used, which is prepared 
by adding 500 c.c of human blood-clot to 1 liter of water and boiling 
for one hour. Subsequently, 5 per cent, sodium chlorid and 1 per cent, 
peptone are added to the filtrate. This preparation is sterilized in the 
autoclave for twenty minutes each day for three successive days. As 
in the case of the egg medium, a few drops of blood are added shortly 
before use. Cutler found that both media proved equally successful 
for the cultivation of Entameba histolytica. 

Cats injected with the cultures developed typical symptoms of ent- 
amebic dysentery, and at necropsy the characteristic intestinal lesions 
of the disease were found to have been reproduced. It was found that 
inoculation was necessary daily, as otherwise the cultivated ameba^. 
showed a tendency to pass into the encysted stage. Slight acidity, it was 
noted, served to destroy the organism. Although Cutler ^s experiments 
have not as yet been confirmed, his work bears the stamp of true scientific 
research, and further investigations along the line he has indicated 
should undoubtedly be undertaken. 


SYMPTOMATOLOGY 

The clinical course pursued by entamebic dysentery is in general one 
of wide variability. In regions where the disease prevails endemically, 
all grades of severity are constantly to be observed, ranging from the 
mildest degrees of bowel derangement to the most evident attacks of 
acute fulminating dysentery. On the other hand, fairly extensive ulcer- 
ative lesions may be present in the intestine without producing definite 
symptoms. Nevertheless, even in such cases, careful questioning will 
usually reveal a history of some slight departure from the normal bowel 
functioning, generally intermittent in character. 

The irregularity and inconstancy of clinical manifestations exhibited 
by the disease are determined by a number of factors in the main, as 
follows : 

(1) The location and extent of the lesions in the large intestine. 

(2) The reaction of the individual to infection with the organism 
(host reaction). 

(3) The varying changes in morphology exhibited by the organism 
during the evolution of its life cycle, within the human body. 

Of these factors, the changes in morphology which the organism 
undergoes exert by far the most marked effect upon the clinical course 
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of the disease. During the histolytica stage of ^the organism, rapid ex- 
tension of the lesions occurs, producing active clinical symptoms. It 
is at this period that the patient experiences acute or subacute recur- 
rences of the disease, varying in severity. 

When the environment is rendered unsuitable for the histolytica type 
of the organism, the smaller and less active tetragena trophozoite is 
developed as a result. This type of organism is therefore ordinarily 
found in the stools during convalescence from acute attacks. A fur- 
ther change in morphology is found to occur during the quiescent stage 
of the disease, when clinical manifestations remain for ^e most part in 
abeyance. At this time, examination of the hardened and formed stool 
will reveal, for the most part, the minuta forms of the organism, as 
described by Elmaissian. The Entameha minuta or Entameba tetragena 
although incapable of extensive tissue damage, may nevertheless carry 
on an indefinite existence within the tissues. Reproduction occurs dur- 
ing each of the various phases of the vegetative cycle of the organism 
resulting in the constant formation of new generations of daughter 
cells. A state is finally reached in which further regeneration of the 
vegetative cell becomes impossible. It is then that the cyst is produced, 
which serves as a means for the further perpetuation of the species 
within a new host. 

The clinical aspects of entamebic dysentery may be conveniently 
grouped for consideration under the following headings: 

(1) Acute entamebic dysentery. 

(а) Acute primary form. 

(б) Acute or subacute relapsing form. 

(2) Chronic entamebic dysentery. 

(а) Active or relapsing type. 

(б) Latent type. 

(c) Atypical type. 

Acute Entamebic Dysentery 

Incubation Period , — In the vast majority of cases, infection of the 
intestinal tract with the Entameba hystolytica covers a protracted period. 
The initial onset of the disease does not, in fact, bear any direct rela- 
tionship to the inception of the infection. 

In the case of the human subjects experimented upon by Walker 
and Sellards, the incubation period, as determined from the time of 
ingestion of the organisms to the first appearan(*e of intestinal symp- 
toms, yielded an average of 64 8/10 days. In one case, the earliest 
evidence of bowel derangement appeared twenty-three days after 
parasitation of the individual with the organism had been confirmed. 
The longest period of incubation in the 4 cases w^as ninety-five days. 
In 14 of the 20 individuals experimented upon, typical tetragena cysts 
were present in the stools, although no clinical disturbances were mani- 
fested. It may be stated, therefore, that at the present time no criterion 
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is at hand for the determination of the incubation period of entamebie 
dysentery in any individual case. 

ClimcaZ Types . — The acute attacks may be divided clinically into two 
groups, depending entirely upon the manner of their origin: 

(1) Those cases in which the onset is spontaneous, that is, without 
revealing a history of previous infection. 

(2) The relapsing form which occurs as a manifestation of a pre- 
viously established chronic infection. 

The clinical course is markedly similar in both types, although the 
variations differ, sufficiently in character and degree to justify separate 
consideration. 

Acute Primary Entamebie Dysentery. — In this type, the onset is 
spontaneous and the course of the disease is frequently of a highly acute 
and fulminating character. The patient is attacked suddenly, often in 
the midst of good health, and without a previous history of entamebie 
dysentery. 

Where persons have been crowded together under unfavorable sani- 
tary conditions, as in military camps, jails, asylums, etc., the disease 
may assume epidemic proportions. Sporadic cases of highly acute 
primary entamebie dysentery also occur, especially in heavily infected 
regions. The epidemic form is most frequently noted among troops 
who have been brought into infected districts during times of active 
warfare. The statement, credited to Macrcador, that dysentery is one 
of the great scourges of war and has killed more soldiers than either 
powder or shell, can scarcely be regarded as an exaggeration. The 
recent great world conflict proved to be no exception in this respect, 
since both bacillary and entamebie dysentery appeared in sporadic and 
epidemic form on the battle fronts ajid theaters of war, for the most 
part in tropical or semitropical countries. A large number of the Brit- 
ish forces sent into these regions succumbed to the ravages of the disease. 

Considerable difference of opinion arose regarding the particular 
type of infection which prevailed. According to the majority of ob- 
servers, it would seem that the bacillary type predominated, although 
another group were equally positive that the Entameha histolytica was 
present as the chief infectious agent. As proof of the confusion which 
existed at the time, a statement was credited to Sir Ronald Ross in 
August, 1915, to the effect that emetin hydrochlorid should be used 
hypodermatically in all cases of acute dysentery, without regard to the 
microscopical findings in the stools. This advice was generally followed, 
apparently with good results. A review of the data which became avail- 
able at a later period, collected from all regions where epidemics of acute 
dysentery occurred, proved that in many instances double or cross- 
infections prevailed. 

As a matter of fact, in all highly acute attacks of entamebie dysen- 
tery, whether sporadic or epidemic in type, infection with organisms of 
the Bacillus dysenterice group is nearly always superimposed. When 
double infection thus occurs, the predominant type of organism will be 
found to vary during different periods of the disease. During the earlier 
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stages, the bacilli usually predominate to such an extent as to exclude 
the protozoal parasites completely from the stools. In the course of four 
or five days, as the acute symptoms subside, the Entamebce histolyticcE 
make their appearance in rapidly increasing numbers, in connection with 
an inhibition of growth on the part of the bacillary organisms. It is 
because of this fact that differences of opinion frequently arise in regard 
to tl^ bacteriological findings in cei*tain cases of acute dysentery. In 
most instances, pure infections with the Bacillus dyse'ivterioc group of 
organisms undoubtedly form the basis of the larger number of cases 
of the dysenteries of war time. 

When double infection exists, as frequently occurs in tropical regions, 
the Entameba histolytica<, in the opinion of most observers, must be con- 
sidered of primary importance in determining the treatment. 

The course of acute jirimary dysentery is nearly always a rapid one 
and is ushered in by diffuse abdominal cramps and a diarrhea of a 
watery nature. The evacuations soon assume a distinctly dysenteric 
character, distinguished by the passing of increased amounts of mucus 
and blood. The dejecta may eventually fail to contain any fecal material. 

Tenesmus is a marked feature of all forms of dysentery, and in the 
highly acute entamebic forms may reach such a degree of severity that 
the patient dare not leave the bed-pan for more than a brief period. 
Severe toxemia often develops at an early stage, usually signifying a 
mixed infection with the Plexner-Harris, or Shiga bacilli. The tem- 
perature range is rarely high in the beginning, but may become greatly 
elevated, reaching from 103° to 105° F. (39.44° to 40.55° C.) during 
the later stages of the disease, especially in the presence of a marked 
toxemia. The abdominal wall is retracted and rigid in most cases, becom- 
ing sensitive to touch, particularly in the right or left lower quadrants. 

In fulminating cases, the symptoms become progressively worse, re- 
sulting in a fatal termination within less than a week, as a rule. In the 
cases which show a favorable outcome, a tendency to improvement be- 
comes evident about the fourth or fifth day of the illness. The intestinal 
turmoil gi^adually abates, resulting in less frequent evacuations, which 
contain decreasing amounts of mucus and blood. Relief from tenesmus 
is also noted. The stools, however, often retain their dysenteric character 
for many days — or even for weeks — after the more acute manifestations 
have ceased. It is important to remember that in the initial stage of 
this type of dysentery, the pathogenic entamel)a; may not appear in the 
evacuations, and only come into evidence at the termination of the more 
acute manifestations. The type of parasite which is present in all acute 
varieties of dhe disease is the large and actively motile trophozoite, which 
is practically always found to contain large numbers of red blood-cells 
within the endoplasm. After recovery from the acute attack, the en- 
cysted forms often persist in the stools for variable periods as evidence 
of continued infection. The patient then becomes a convalescent carrier 
of the infection and may or may not succumb to further acute attacks. 

Acute or Subacute Relapsing Stage of Chronic Entamebic Dysen- 
tery. — Under ordinary conditions, entamebic dysentery is essentially a 
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chronic disease, extending over periods of months or years, and charac- 
terized by intermittent outbreaks of intestinal disturbances. These out- 
breaks occur with great irregularity, and the clinical symptoms which 
accompany them likewise vary considerably, both in intensity and in 
duration. Usually there is a history of one or more previous attacks, 
although it must be understood that the infection may exist in a latent 
form for a long period prior to the initial onset of symptoms. These 
attacks are to be viewed in the light of acute relapses, dependent upon a 
previously established and chronic infection. For convenience of de- 
scription, the relapses may be divided from a clinical standpoint into 
the following tyj>es: highly acute or fulminating; subacute or moder- 
ately severe; mild. 

(1) Highly Acute or Fulminating Type. — In this type, the clinical 
manifestations closely resemble attacks of acute primary entamebic 
dysentery, as described above. The onset is as a rule quite sudden, and 
the clinical picture is in general that of a highly acute infection of the 
intestinal tract. The evacuations are frequent in number, and consist for 
the most part of a bloody and mucous exudate from the lower bowel. 
Tenesmus and straining are often extreme and, in fact, the patient soon 
becomes glued to the bed-pan or commode, so to speak. Acute alxiominal 
pains are present, which are commonly referred to either the right or 
left lower abdomen. Fever is a variable symptom in such attacks, al- 
though in some instances it may reach a high level. The prominence 
of the toxic element invariably indicates mixed infection with organisms 
of the BaciUus dysenierioe group. In the earlier stages, confusion is 
often created by failure to detect the active, histolytica type of organisms 
in the stools, since their growth is inhibited to a great extent by the 
bacillary infection. With the subsidence of this element, which takes 
place usually within four or five days from the onset of the disease, 
the pathogenic entamebai make their appearance in increasing num- 
bers. 

An unfavorable prognosis must be rendered in those cases in which 
infection with the Ba^cillus dysenterice remains predominant. As a re- 
sult of the persistent bacillary invasion, the walls of the large intestine 
become greatly thickened, and extensive sloughing is not uncommon. 
Should the inflammatory process reach the serous coat of the intestine, 
a localized peritonitis appears, which may rapidly spread through the 
entire peritoneal cavity. The advent of this complication brings about 
increased abdominal distention with considerable rigidity and tenderness 
of the abdominal wall itself. Although the entire thickness of the bowel 
wall may eventually become gangrenous as the final stage in this ful- 
minating pathological process, perforation of the gut is of rare occur- 
rence. Death may take place within a few days of the onset, due to the 
overwhelming sepsis. The prompt use of emetin hydrochlond at the 
outset of an acute entamebic dysentery will, in most instances, prevent 
the appearance of such formidable secondary infections. In endemic 
regions, all types of acute bowel derangement should be looked upon with 
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suspicion, and the stools should he persistently searched for the possible 
presence of the pathogenic entamebse. 

(2) Subacute or Moderately Severe Type. — Fortunately, the re- 
lapsing stage of a chronic entamebic infection is seldom as acute and 
fulminating in character as in the preceding type. Ordinarily, recur- 
rences of acute manifestations in the disease pursue a much milder 
clinical course. The onset is more insidious, and is accompanied by a 
simple diarrhea lasting a few days, before the stools finally assume their 
true dysenteric character. The patient rarely takes to his bed at first, 
and only does so when the frequency of the bowel movements and the 
abdominal pain and tenesmus render rest in the prone position im- 
perative. 

At this time, a mild degree of fever is also usually present, but this 
is seldom found to exceed from 101"^ to 102° F. (38.3° to 38.9° C.), 
In some cases, fever and other constitutional disturbances are altogether 
absent. The number of stools varies from five to fifteen within twenty- 
four hours. The stools contain large amounts of mucus intimately mixed 
with blood of a bright red or dark brown color. The fecal element is 
seldom completely lacking as is the case in the highly acute types. It 
is exceptional to find large quantities of fresh blood in the passages. 
The severity of the tenesmus depends, to a great extent, upon the loca- 
tion of the lesions in the large bowel, becoming more noticeable when the 
rectum is involved than when the lesions are situated higher up. The 
course of this moderately severe type of relapse is a variable one, in 
some instances lasting but a few days, while in others it extends over 
a period as long as two or three weeks. There may be repeated relapses 
of this nature with only short intervals of recovery, so that the patient 
drifts into a state of almost constant bowel derangement, persisting for 
many weeks or even months. This condition is accompanied by general 
disturbances, such as fatigue, weakness, loss of appetite, impaired diges- 
tion, and a decrease in weight. Nevertheless, it is surprising to find the 
number of individuals who are able to carry on their daily work, even 
in the face of such obvious disability. 

(3) Mild Type. — In the milder forms of relapse the onset is ^adual, 
and the health status of the patient becomes only slightly impaired. The 
symptoms as a whole differ in degree, rather than in character, from 
those of the preceding types. The patient is seldom forced to bed, 
although there is usually a marked slackening in his daily activi- 
ties. In addition to the intestinal upset, he experiences for the most 
part a loss of appetite, slight disturbances of digestion, and lassitude. 
The number of bowel movements rarely exceeds two or three for the 
entire day; the evacuations are soft and without fomji, but the true 
dysenteric elements are often lacking. Upon close inspection, small 
mucoid masses will be detected, intimately mixed with the fecal portions 
of the stool. Blood may not be present in every movement, although it 
has been the author ^s experience that, even in the mildest grades of 
entamebic dysentery, slight hemorrhages amounting to streaks of red 
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blood or blood-tinged mucus are rarely missing from the stools during the 
periods of acute or subacute exacerbation of symptoms. 

Unless there has been a history of previous attacks of a more acute 
character, the entire train of symptoms may prove to be so slight that 
the true nature of the malady is overlooked. In such instances, the case 
is commonly treated as one of simple catarrhal colitis. The disease 
may progress in this manner for months or even years, pursuing an ir- 
regular course, which varies between temporary attacks of intestinal 
disturbance, mostly of a mild character, and periods in which there is 
an entire absence of all symptoms. The non-recognition of the infec- 
tion, in such cases, may prove of serious consequence, since complications 
in the liver and other organs not infrequently arise as a result of failure 
to treat mild cases. 


Chronic Ent amebic Dysentery 

Active or Relapsing Type. — This constitutes by far the most common 
clinical form of entamebic dysentery, met with both in tropical and in 
temperate countries. The outstanding feature of this type is the oc- 
currence of acute or subacute relapses, as described above, with interven- 
ing periods of comparatively good health. Patients may go for months or 
years without experiencing an acute outbreak of symptoms. These qui- 
escent periods often prove deceptive, leading to the belief that the in- 
fection has been entirely removed. However, apart from the occurrence 
of typical intestinal disturbances, certain definite clinical features are 
usually associated with a chronic state of infection induced by the 
Entameba histolytica. The patient, while not definitely ill, frequently 
notices some impairment of his bodily vigor. He becomes easily fatigued 
and depressed, even after ordinary exertion ; his digestion becomes upset, 
and in addition there is usually a progressive loss in weight. In a small 
percentage of cases, these constitutional symptoms prove so outspoken 
as to incapacitate the patient for work, or for prolonged effort of any 
kind. The majority are able to continue their daily vocations, but upon 
a reduced scale of efficiency. These constitutional symptoms may be 
analyzed in further detail, as follows : 

Gmtra-intestinal Disturbances . — Digestive disturbances of many 
varieties are not uncommon during the quiescent stage of the disease, 
and become greatly accentuated, as a rule, during the periods of acute 
bowel derangement. In the intervals between attacks, the tongue may 
appear dry and coated, and the patient will complain at times either of 
loss of appetite or of a certain capriciousness in the desire for food. 
Gastric symptoms, when present, are practically always of functional 
origin, and have their source, for the most part, in the absorption of 
toxic products from the intestinal tract. The patients complain of 
eructation of food, with heaviness and fullness after eating, and often 
with nausea and vomiting. Special precautions must be taken with the 
diet; some patients drift gradually into a state of confirmed dyspepsia. 
In the meantime, the bowel disturbances may be so insignificant as to 
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scarcely attract attention. Moreover, in some cases, an obstinate con- 
stipation is present during the entire stage of quiescence. In fact, the 
physician may be consulted for the relief of a chronic constipation, and 
only casual reference be made in the history to the occurrence of inter- 
mittent attacks of looseness of the bowels, or dysentery. In this 
connection, it should be remembered that a diagnosis of entamebic 
infection of the bowel can be made, even in constipated individuals, by 
a routine search of the hardened feces for encysted forms of the 
organisms. 

Loss in Weight. — Accompanying the general impairment of health, 
there is in most instances a perceptible loss in the body weight. In 
the 217 cases of chronic entamebic dysentery which the author carefully 
compiled, the average loss in weight was twelve pounds. The highest 
loss recorded was forty-two pounds, in the case of a patient whose history 
of infection dated back ten years. The smallest loss in weight in this 
series of cases was two pounds. None of the patients showed a gain in 
weight until the organisms had been removed from the tissues by a 
proper course of treatment. 

Secondary Anem/ia. — A moderate degree of anemia is present in 
many of the chronic cases. Its source can be traced, in most instances, 
to a persistent oozing of the ulcerated areas in the intestinal tract. The 
blood may not be visible in the stools, but the constant loss of even small 
amounts over i)rolonged periods may produce a considerable degree 
of anemia. Very severe types are, however, rarely met with. During 
the quiescent stage of the disease, no increase in the white-cells is ob- 
served. The presence of a high leukocytosis always indicates a septic 
complication, such as the formation of an hepatic abscess. Eosinophilia, 
likewise, does not form a part of the blood picture of entamebic diseases, 
and the presence of this condition usually indicates infection with other 
intestinal parasites. 

Abdominal Pain and Soreness. — ^Pain and soreness in the right iliac 
fossa constitute frequent symptoms during the course of chronic entame- 
bic dysentery. Acute attacks of pain in this region may prove quite de- 
ceptive, resembling in many respects the clinical picture of acute ap- 
pendicitis. Most patients complain of a diffuse abdominal tenderness, 
and palpation may reveal points of sensitiveness along the various 
segments of the bowel, corresponding to the site of the more advanced 
lesions. Some of these individuals experience an indefinite feeling of 
discomfort in the abdomen, which is made worse by pressure of any 
kind. A bearing-down sensation in the region of the rectum is likewise 
not uncommonly complained of, at times even after the bowel move- 
ments have become normal in character. 

Latent Type. — That infection of the intestinal tract with the Ent~ 
ameha histolytica might exist for an indefinite period without producing 
clinical symptoms is now a fully recognized fact. The absence of 
symptoms in such cases indicates a low-grade infection with limited, 
circumscribed lesions, usually located within the cecum or ascending 
colon. Owing to the lack of clinical phenomena, it is difficult to 
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estimate the extent of time covered by such infections, although in most 
instances it is probably of a prolonged character. The organism enters 
into a complete cycle of development within the tissues, but rapid trans* 
formation from one form to another, which is characteristic of the 
relapsing type, is prevented by a definite measure of resistance on the 
part of the body cells. The great importance of a latent entamebic 
infection of the intestinal tract lies in the fact that the patient is 
constantly exposed to the danger of serious complications in other organs. 
It is well known among experienced clinicians, especially in the tropics, 
that in a great number of cases of hepatic abscess, a history of previous 
intestinal disturbances is not always obtainable. This is likewise true, 
although to a lesser extent, of complications arising in the brain, spleen 
or other organs. In a similar manner, latent intestinal ulcerations may 
give rise to sudden and unexpected local complications, such as hem- 
orrnage or perforation of the bowel wall. Rogers has recently reported 
an instance of acute intestinal })erf oration followed by fatal peritonitis 
in a patient who had given no previous evidence of entamebic infection 
of the bowel. 

Unsuspected, high grade pathological lesions of the disease are at 
times first noted at autopsy. In endemic regions, especially, this is by 
no means a rare condition. In some of these latent cases, in spite of 
the entire absence of intestinal symptoms, slight impairment of the 
general health is nevertheless observed at times, as described previously 
in connection with the chronic relapsing type of the disease. 

Atypical Type. — The intestinal disturbances of entamebic dysentery 
do not always pursue a typical or classical course. The clinical picture 
may, in fact, prove to be so unusual that no suspicion is aroused as to 
the possible existence of an entamebic infection. 

In some cases, for example, there is a complete absence of dysenteric 
features throughout the entire course of the disease. The author has on 
several occasions unexi)ectedly run across actively motile pathogenic 
entamebro in examining specimens of stool from persons sutfering from 
an apparently ordinary form of diarrhea. The bowel condition had pre- 
viously proved to be of an intractable nature, and did not respond to 
ordinary methods of treatment. In a case of this type, observed re- 
cently, a history of intermittent attacks of diaiThea was obtained, 
extending over a period of fifteen years. At no time had blood appeared 
in the stools, and there was likewise an entire absence of other dysenteric 
symptoms. However, the stool specimen showed an unusually large 
number of histolytica organisms, containing ingested red blood- 
corpuscles. In another atypical case, which came under observation 
Gome years ago, the sole complaint proved to be a bearing-down 
sensation in the lower region of the abdomen. This patient was a male 
of middle age who had enjoyed previous good health. The abdominal 
pain had persisted for two years without relief. Involvement of the 
lower bowel had not been suspected in this case, although the patient 
had been conscientiously examined in other respects. The bowel move- 
ments were described as normal, although occasionally the stools were 
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soft, and contained small amounts of mucus. The proctoscope revealed, 
nevertheless, extensive ulceration of the lower bowel, and, upon examina- 
tion of scrapings from these ulcers, great numbers of Entameha histolyt- 
ica were discovered in their most active stage. Relief of the abdominal 
pain followed the destruction of the protozoal organisms. 

In connection with atypical clinical types of entamebic dysentery, 
Sellards and Baetjer have raised an interesting point in regard to the 
possible variation in the strains of the Entameha histolytica as found 
in various regions of the world. In several cases of chronic diarrhea 
which these authors observed in Baltimore, entamebsB were discovered 
in the stools which presented morphological differences from the usual 
forms of pathogenic entameba. The nuclear structure conformed to 
that of the tetragena stage, but in other respects there was a close 
similarity in structure to the Entameha coli. In the course of this 
description, no claim was made for the establishment of a new species 
of intestinal entameba, but the authors were rather inclined to attribute 
the variation in the morphology of the organisms to the change in 
environment from a tropical to a temperate climate. 


DIAGNOSIS 

The diagnosis of entamebic dysentery must, in the final analysis, 
always rest upon the discovery of the specific protozoal organism in the 
stools. Reliance is not to be placed upon the clinical symptoms alone, 
no matter how suggestive they may prove to be. Fortunately, at the 
present day, the microscopical examination of the stools provides an 
easily available method for differential diagnosis, and one which should 
be resorted to without fail in all doubtful intestinal conditions. 

Examination of Stools. — Methods of Obtaining Specimens op Stooe 
FOR Examination. — Formerly, when the diagnosis of protozoal infections 
of the intestinal tract was thought to depend entirely upon the discovery 
of actively motile organisms in the stool, particular attention was di- 
rected to the matter of maintaining the freshly voided specimen at body 
temperature. This procedure, which is at best a rather cumbersome one, 
is no longer considered essential, since even in the absence of live motile 
parasites the diagnosis can be made from the resting or encysted forms. 
When a fresh specimen of stool is required, this is best obtained directly 
from the patient at the time of examination. The great majority of 
patients suffering from entamebic dysentery are of the ambulatory type, 
and are able to appear in person for office examination. At this time, 
a specimen may be easily procured by introducing a fenestrated rubber 
rectal tube into the rectum, or, better still, by resorting to proctoscopic 
examination. This latter plan is to be highly recommended, whenever 
applicable, since it affords opportunity, at the same time, for inspection 
of the lower bowel. By a gentle curetting of an open ulcer, the author 
has on numerous occasions been able to discover motile entamebse which 
were not revealed by previous examinations of the whole stool. In the 
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examination of a specimen of stool from a dysenteric patient, it is im- 
portant to examine both the fecal and the mucous parts. The vegetative 
organisms are most often detected in the slimy, bloody portions, while 
the cysts are usually found in greatest numbers in the more solid fecal 
particles. 

Number of Stool Examinations Required. — More than one examin- 
ation of the stool may be required in order to determine the presence 
of an entamebic infection. This has been conclusively demonstrated by 
routine examinations of the stools made in the case of large numbers 
of suspected individuals in endemic regions. Wenyon found, for ex- 
ample, that in one series of 92 cases examined by him, 12 Entameha his- 
talytica infections were present, but of these, only 4 were detected at the 
first examination. As many as six examinations have been insisted upon 
by some authorities before a negative report may be rendered. Most 
observers agree, however, that three examinations are suflScient, as a 
rule, to eliminate all doubt as to the presence of the organisms. It must 
be remembered that the typical tetrayena cysts are of as much im- 
portance in establishing a diagnosis of the disease as are the vegetative 
organisms. 

Difficulties Involved in the Differentiation of the Entameba 
Histolytica from Other Protozoal Organisms Pound in the Stools. 
— Attention has been called to the variations in morphology which charac- 
terize the different sjiecies of parasitic entameba. Emphasis was also 
placed upon the many difficulties which beset even the trained proto- 
zoologist in differentiating the organisms one from the other, during the 
various phases in their life cycle. In the microscopical examination of 
the ordinary stool specimen, these difficulties are greatly accentuated. 
Most authorities are now thoroughly in accord wdth the view that a 
differentiation of the pathogenic entameba from the harmless varieties 
is, at times, impossible during the vegetative stage. As a rule, if the 
organism is seen to move by means of active explosive-like protru- 
sions of the pseudopodia, and in addition possesses an indistinct type of 
nucleus with a clearly-defined retractile cytoplasm, it is most probably 
of the pathogenic variety. Size and color prove of little value in the dif- 
ferentiation. According to Wenyon, no ameba is to be considered as 
pathogenic which does not contain red blood-corpuscles within the endo- 
plasm. This view has been universally accepted at the present time, and 
should serve as the main guide in distinguishing the disease-producing 
type of parasite from the harmless varieties. In stained preparations, 
the differences in nuclear structure become clearly defined, which fact 
renders differentiation much less difficult. The cysts of Entcmieha his- 
tolytica are distinguishable chiefly by their glassy, refractile appearance, 
their relatively small size, and their smooth cytoplasm. The nuclei are 
from one to four in number. This type of cyst resembles in size and 
number of nuclei that of the Entameba nana, but the latter is, as a rule, 
ovoid in shape rather than spherical, and possesses numerous vacuoles 
of comparatively large size. There is also a marked distinction in the 
nuclear structure of the two organisms, which may be observed especially 
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in stained preparations. The cysts of Entameha coU are considerably 
larger than those of Entameha histolytica or Entameha nana, and 
present from eight to sixteen nuclei, which are characterized by 
a relatively large central granule and irregularly massed chromatin at the 
periphery. 

In searching for cysts, it is important to select the more solid particles 
of feces, to be diluted with normal saline solution to form a very thin 
smear. The nuclei of the cysts usually lie at different levels, so that 
careful focusing is necessary in order to distinguish their structure. A 
double strength Lugol solution is frequently of value in enabling one 
to count the nuclei with accuracy. The author has recently made use 
of the Donaldson iodin-eosin stain for this purpose. This stain is pre- 
pared as follows: A 5 per cent, potassium iodid solution is saturated 
with iodin. A saturated solution of eosin is prepared in another con- 
tainer. It is preferable to employ a physiological salt solution as a 
solvent, both for the potassium iodid and for the eosin. A combination 
of these stains is made in the following manner : Two parts of the eosin 
stain are added to one part of the iodin-potassiuin iodid solution diluted 
further with two parts of normal salt solution. These must be mixed 
fresh each morning. In the presence of this double stain, the cysts 
stand out as pale yellow or saffron-tinted bodies against a bright red 
background. The nuclei are stained a deep brown color, and become 
clearly defined from the I’cst of the cytoplasm. Yeast cells as well as 
other cellular elements in the stool take up the eosin stain. Dead cysts 
are likewise stained red, but in fairly fresh stool specimens this phe- 
nomenon is rarely observed. 

The vegetative forms of other intestinal protozoa, including the 
various types of the flagellates and ciliates, present such distinct differ- 
ences from the species of entameba that little difficulty should be en- 
countered in their differentiation. However, in the encysted forms the 
differences are not so marked and may require a degree of caution in 
their interpretation. The characteristics of the encysted forms of other 
protozoa will be found under another heading. The same methods ai>ply 
for the staining of these organisms as have been described in detail 
above. 

Staining op Fixed Preparations. — In order to bring out the finer 
details of structure of both the free organisms and the cysts, more elab- 
orate staining methods are required. For the free forms, the following 
method, suggested by Rosenbusch, has been found to give satisfactory 
results : 

Rapidly smear out with a toothpick a small particle of feces or other 
material containing protozoa and, while still moist, fix by Giemsa’s 
method and, after getting rid of the mercury with iodin followed by 
95 per cent, alcohol, treat the smears with a 3.5 per cent, solution of iron- 
alum in distilled water for one-half hour or over night; then wash 
thoroughly in distilled water. 

Following this, stain from five to twenty minutes in a hematoxylin 
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A. \k*g(d alive; oiitaint*bu‘ iii .subimicous tissues around a blooel-vi^sscl in a i;iist' of 

entaniebic ulcerative colitis. Slainetl by Flirlich’s a, cad beinaloxylin and (jounter- 
staiiied by The; cytoplasm of the vegt'talive entaineba; is markedly liematoxy- 

plnle and is vacuolated; the ring nuclei show very distinctly; th(\v do not r(\semble the 
nuclei of any of the body cidls. The vegtdative laitameba; vary (considerably in siz(\ 
There is no cellular infiltratimi in the tissue's around them. 

B. Vegetative entarnelia in a blood-vessel of submucosa (_)f the colon. Stained by 
Weigert’s iron-hematoxjdin and counterstained by Van C lessen ’s stain. The cyto- 
plasm of the vegetative entarneba; is slate, gray, and their nuclei show distinctly, lied 
blood- corpuscles and the proliOplasm of muscle-cells arc stained yellow. Collogcnous 
libers of the adventitia of th?, vessel are stained bright red. 
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stain prepared as follows: (1) 1 per cent, solution of hematoxylin in 95 
per cent, alcohol. It takes at least ten days to ripen. (2) A saturated 
solution of lithium carbonate. Add to 10 c.c. of the hematoxylin solution 
5 to 6 drops of the lithium carbonate solution. Next wash well and 
differentiate with about 1 per cent, solution of iron-alum. Again wash 
in water, pass through alcohols to xylol and mount in balsam. 

Moist fixation, as carried out in the above method, has proved on the 
whole to be more satisfactory than the dry fixation methods which have 
been recommended by some. The author has not found the various Ro- 
manowsky modifications suitable for the staining of the intestinal 
protozoa. 

A special technic is required for the fixing and staining of cysts. 
The method devised by Daniels is probably the best one yet suggested, 
although it requires a considerable amount of time and patience to obtain 
proper results. The details of this method are given in full : 

(1 ) Make a film on a cover-slip and do not let it dry. 

(2) While still wet, drop it face downwards on to the fixing 
solution : 


Saturated solution of sublimate 2 parts 

Absolute alcohol 1 part 


Leave it to fix for fifteen minutes. 

(3) Take out of the fixing solution and place in 40 per cent, alcohol 
for ten minutes. 

(4) Place in 70 per cent, alcohol to which a few drops of Gram's 
iodin solution have been added. Leave in this ten minutes. 

(5) Place in methylated spirit for ten minutes. 

(6) Place in 70 per cent, alcohol for five minutes. 

(7) Place in 40 per cent, alcohol for five minutes. 

(8) Place in water for an indefinite time. 

(9) Place in iron-alum solution (2 1/2 per cent.) for from two to 
three hours. 

(10) Rinse lightly in water. 

(11) Stain for two or three hours in hematoxylin solution made 
as follows : 


Hematoxylin crystals 1 gram 

Absolute alcohol 10 c.c. 

Distilled water 90 c.c. 


This solution should be kept for a month to rip)en. Then add another 
100 c.c. of water. 

(12) Wash well in water. 

(13) Dilferentiate in iron-alum solution (25 per cent.). This is 
best done in a watch-glass with just enough solution to cover the under- 
surface of the film. The process can be watched under the microscope 
with a 1/6 objective. 

VOL.. IV. — 20. 
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(14) Dehydrate in spirit of gradually increasing strength; 40, 70, 
90 per cent, and absolute. 

(15) Pass through xylol and mount in Canada balsam. 

For the staining of the organisms in the tissues, the reader is referred 
to special treatises on pathological technic. 

Differentiation of Intestinal Entamebae from Inflammatory Tissue- 
Cells Found in the Stools. — Under certain conditions, a great deal of 
difficulty may be experienced in differentiating the vegetative entamebae 
from the larger types of tissue-cells which are often present in the 
stools as a result of inflammatory conditions. These tissue-cells are prin- 
cipally of two kinds : 

(1) A large round mononuclear leukocyte. 

(2) A more irregularly shaped and larger type of cell, generally 
known as a macrophage, which is most probably an hypertrophie<i endo- 
thelial cell, originating in the inner lining of the blood-vessels during 
inflammation. 

Both types may become phagoc 3 "tic for leukocytes and red blood- 
corpuscles, a fact which causes further confusion in differentiating them 
from pathogenic entameba?. They are, however, non-motile even in 
freshly voided stools, and lack the distinctly ring-shaped nucleus which 
is characteristic of the protozoal organisms. The cytoplasm of these 
tissue-cells frequently contains numerous small vacuoles and refractile 
granules, which have been mistaken at times for the nuclei of protozoal 
parasites. In the cellular exudate of the acute dysenteric stool, these 
and other irregular types of degenerate tissue-cells are usually found 
to be present in large numbers. They may also be observed at times in 
the thin, glairy, mucous discharge from patients suffering from chronic 
mucous colitis. The inexperienced observer should take particular care 
not to confuse these degenerate tissue-cells with resting or encysted forms 
of intestinal protozoa. 

Differentiation of Entamebic Dysentery from Other Intestinal 
Diseases. — Entamebic dysentery exhibits a marked similarity in its in- 
testinal features with a number of other diseased conditions of the lower 
bowel, chief among which are the following: acute bacillary dysentery, 
chronic ulcerative colitis of bacillary origin, carcinoma of the rectum, 
intestinal tuberculosis, and diarrheas associated with other forms of 
tropical diseases. 

Acute Baciulary Dysentery. — Many of the essential points in con- 
nection with the differential diagnosis of acute bacillary and acute ent- 
amebie dysentery have already been considered. Mixed infections are 
of common occurrence and the predominating type is often difficult to 
determine. In uncomplicated bacillary dysentery, the onset is usually 
sudden and the disease pursues a highly acute and toxic course, accom- 
panied by general bodily depression, high temperature, severe abdominal 
pains, and a constant desire for stool. At first the passages are of a 
watery, fecal consistency, but within the space of a few hours they 
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generally become dysenteric in character. The acute phases of entamebic 
dysentery, on the other hand, ordinarily have a much milder clinical 
course. There may be an entire absence of the highly toxic features 
which characterize the acute bacillary types. Although the appearance 
of the stools in both conditions may be strikingly similar, in bacillary 
dysentery there is usually a larger content of cellular exudate as well as 
of mucus and blood. The clinical differences are, however, on the whole 
not very sharply defined. Examination of the stools for the specific 
microorganisms must serve, after all, as the chief determining factor in 
the diagnosis. In bacillary dysentery, the blood will often be found to 
agglutinate with pure cultures of the Shiga or Flexner-Harris bacilli. 
This fact frequently proves of considerable diagnostic value in the 
presence of doubtful or mixed infections. 

Chronic Ulcerative Colitis op Bacillary Origin. — Extensive 
ulceration of the large bowel may result from chronic infection with 
various strains of intestinal bacteria. This condition frequently gives 
rise to a clinical picture strikingly similar to that of chronic entamebic 
colitis. The element of chronicity is present in both conditions, and little 
difference is to be noted in the clinical manifestations. There is a history 
of dysenteric attacks, alternating with periods of normal bowel evacua- 
tions or of constipation. In bacillary colitis, quiescent periods are, how- 
ever, rarely of long duration, and are dependent to a great extent upon 
the use of astringents. Small, frequent stools, containing large amount 
of mucus, more or less streaked with blood, constitute a characteristic 
clinical feature in both diseases. An inspection of the lower bowel by 
means of the proctoscope often reveals similar ulcerative lesions, for the 
most part indistinguishable in their gross appearance. The ulcers of 
the bacillary type, however, appear to be more superficial and less 
ragged, although these are not to be taken as entirely trustworthy points 
in the differential diagnosis. It must also not be overlooked that the 
two types of infection may coexist. The diagnosis must ultimately de- 
pend upon a careful search of the stools for iiathogenic entamebae. It 
is only when the presence of these organisms can be excluded with cer- 
tainty that a diagnosis of ulcerative colitis of purely baeillary origin is 
rendered justifiable. 

Carcinoma op the Rectum. — The clinical features of carcinoma of 
the rectum are, at times, difficult to distinguish from those of chronic 
entamebic dysentery. In advanced ulceration of the rectum due to 
malignancy, there is frequently a history of numerous daily evacuations, 
often containing blood and mucus. The evacuations are sometimes at- 
tended by considerable tenesmus. In such cases, even the loss in weight, 
and other evidences of malnutrition which characterize the clinical 
course of a malignant growth may fail to arouse suspicion at first of 
the real source of trouble, since chronic entamebic infections of the 
large bowel are known to give rise to a similar train of constitutional 
symptoms. A specific course of treatment for entamebic colitis is not 
infrequently resorted to, thereby robbing the patient of an opportunity 
for early surgical interference. The differential diagnosis is not difficult, 
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if the possibility of malignancy is kept in mind, especially in the case of 
individuals who have passed the fourth decade of life. In the presence 
of malignancy, palpation of the lower bowel will serve to clear up all 
doubt at once, if the growth is situated within reach of the finger. The 
proctoscope and sigmoidoscope are also of value in doubtful cases, and 
in addition, careful search of the stools should be made in each case 
for the presence of the Entameha histolytica. 

Intestinal Tuberculosis. — This condition is by no means infrequent 
in tropical countries, and may therefore give rise to confusion in 
diagnosis, especially in centers of entamebic infection. Tuberculosis of 
the bowel is seldom confined to the large gut. The most common site of 
the lesions is in the terminal ileum and cecum, where the disease process 
often results in the formation of a tumor-like mass which may be pal- 
pated through the abdominal wall. Pain is likewise referred chiefly 
to this region. In the presence of a tuberculous infection of the large 
bowel, the symptoms are usually those of severe colic, an irregular type 
of fever, and diarrhea. The diarrhea may eventually merge into true 
dysentery, particularly when the ulcerative lesions extend as far as the 
descending colon and rectum. Under such circumstances, the clinical 
features of the disease may resemble those of chronic entamebic dysen- 
tery. A differentiation of the two conditions will then depend upon 
the discovery of the specific type of microorganism present in the 
evacuations. 

Diarrhea Associated with Other Tropical Diseases. — Diarrhea is 
a common symptom of a number of tropical diseases, such as sprue, 
pellagra, malaria, cholera, typhoid fever, bilharziasis, balantidiasis and 
the various flagellate infections of the intestinal tract. The milder types 
of entamebic dysentery are therefore easily confused with other specific 
forms of diarrhea. Ulcerations of the rectum may likewise occur in 
connection with the more advanced stages of the above conditions, which 
fact renders the clinical differentiation from entamebic dysentery even 
more difficult at times. Again, the absence of pathogenic entamebas 
from the stools after careful search should point at once to other etiologi- 
cal factors, as the basis of the intestinal disturbance. 


OOMPLICATIONS 

Entamebic Appendicitis. — A special type of appendicitis due to the 
invasion of the walls of the appendix by the Entameha histolyiica has 
been described by a number of observers. Strong claims to have met 
with this complication in 7 out of his 100 fatal cases. In 4 of these, death 
resulted from general peritonitis following perforation of the cecum or 
colon. ^Musgrave observed appendicular lesions in about 10 per cent, of 
the cases which came to autopsy. Gant believes that many of the clinical 
cases which fail to respond to treatment will be found to have ulcerative 
lesions in the appendix. He is also of the opinion that irrigation of the 
large bowel through an appendicular opening will succeed as a rule 
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in relieving this type of case when other measures prove inadequate. 
The morbid lesions in the appendix are similar to those found in other 
parts of the large bowel. It is not improbable that the presence of 
actively motile entamebaB in the walls of the appendix serves as a means 
for the introduction of intestinal microorganisms, thus leading more 
readily to the occurrence of an ordinary type of appendicitis. Clinically, 
the diagnosis of entamebic involvement of the appendix is rendered ex- 
tremely difficult because of the close proximity of lesions in the cecum 
and ascending colon. Acute symptoms are rare unless bacterial infection 
has occurred secondarily. 

Postcolic Abscess. — Rogers was among the first to call particular 
attention to the occurrence of this complication. The condition origi- 
nates from perforation of the bowel wall, a previous formation of 
adhesions serving as a protection for the general peritoneal cavity. 
Secondary infection of this walled-off peritoneal pocket — usually situated 
behind the colon — constitutes the final stage in the process. The location 
of this lesion is most frequently in the cecal or right iliac region. 
Rogers himself never observed a postcolic abscess in any part of the 
transverse or descending colon. Clinically, the onset of symptoms occurs 
rather suddenly during the course of a chronic entamebic infection of 
the bowel, and is accompanied by a considerable degree of swelling and 
tenderness in the right iliac or lumbar region. High fever and a marked 
leukocytosis may be present in the acuter forms, and in such cases the 
disease proves rapidly fatal as a rule. In some instances, the abscess 
is of slow, insidious formation and is attended by few, if any, toxic 
features. Its existence is then made known solely by the presence of 
local signs such as swelling, tenderness, muscular rigidity, and in the 
later stages, by bulging. Simple drainage fails to effect a cure in an 
abscess-pocket of this nature, unless its entamebic nature is recognized, 
and specific medication is employed in conjunction with surgical pro- 
cedures. 

Peritonitis. — A localized peritonitis is probably more common in 
long-standing cases of intestinal entamebiasis than clinical records would 
show. Attention has already been called to the tendency shown by 
chronic ulcerations to progressively invade the muscular layer, even- 
tually reaching the peritoneal coat. A localized patch of peritonitis 
will frequently develop under such a condition, and may give rise to 
symptoms of localized pain and tenderness over the abdominal wall. 
In contrast to the comparative harmlessness of this simple type of lesion 
is the gravity of acute general peritonitis, which results from the sudden 
perforation of a deep ulcer. The clinical features of this type of accident 
are in fact the same as those of sudden perforation of the bowel wall 
from any other cause. This serious complication occurs in entamebic 
dysentery under the following conditions : 

(1) As a result of an extensive necrosis of the bowel wall during 
the progress of a highly acute or fulminating attack. 

(2) As a sequel to the accidental rupture of a chronic ulcerative 
lesion which was not walled off previously by adhesions. 
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The latter type of perforative peritonitis was present in 19 of the 
100 fatal cases observed by Strong in the Philippines. Fortunately, this 
complication is comparatively rare in clinical practice. Craig observed 
it in only 4 cases, while Strong found that it occurred in per cent, 
of the 200 clinical cases carefully studied by him. The author 
has encountered acute perforation only five times in his experience. 
The prognosis is of course always extremely grave. Immediate surgical 
interference is indicated. 

Massive Intestinal Hemorrhage. — Small capillary hemorrhages from 
the ulcerative lesions situated along the bowel wall are exceedingly com- 
mon, as has been stated previously. Massive bleeding, on the other hand, 
is but rarely observed and, when present, constitutes a distinct compli- 
cation. In a few cases, death has been known to result from the profuse 
bleeding. One such case was reported by Councilman and Lafleur in 
which 125 c.c. of blood was passed before death. Similar cases have been 
observed by Strong, Ilassler, Putcher and Freer. Strong believes that 
the presence of this complication is indicative of hepatic abscess. In 
most instances, a marked diminution in the coagulability of the blood 
is also found, which is probably brought about by sepsis. Profuse hem- 
orrhage in prolonged chronic cases is prevented, for the most part, by 
the occu.rren<*e of thrombosis in the blood-vessels leading to the edges 
and bases of the ulcerative areas. 


SEQUEUE 

Abscess of the Liver (Hepatic Entamebiasis) 

This is by far the most important of the remote complications or 
sequelae of the disease, occurring with especial frequency in tropical 
countries. On account of this, it is often referred to as “tropical abscess 
of the liver.” This designation is, however, somewhat misleading, since 
the condition is by no means uncommon in temperate countries as well. 

Association of Hepatic Abscess with Dysentery. — The close clinical 
relationship which exists between hepatic abscess and dysentery has been 
recognized among medical men since the time of Hippocrates. During 
later periods, frequent references are to be found in the literature to 
the association of the two conditions, notably in the writings of Pringle, 
Hunter, Budd and Sydenham. Koch, in 1883, was the first to discover 
the presence of ainebje in the pus from a liver abscess. This finding was 
confirmed by Kartulis, and in 1890, in America, by Osier. Councilman 
and Lafleur subsequently demonstrated a direct etiological relationship 
between amebae found in the intestinal tract and focal centers of necrosis 
in the liver. This relationship is now universally acknowledged, as is 
also the view that the hepatic involvement is always secondary to that 
in the intestinal tract. The intimate connection of hepatic to intestinal 
entamebiasis is clearly shown in the following table of 63 fatal cases, 
compiled by Rogers: 
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Clinical and postmortem evidence of dysentery 35 cases (55.6 per cent.) 

No history, but postmortem evidence of dysentery 13 “ (20.6 per cent.) 

History, but no postmortem evidence of dysentery 9 “ (14.3 per cent.) 

No history or postmortem evidence of dysentery 6 “ ( 9.5 per cent.) 

As showing the relative frequency of the two conditions in clinical 
practice, the following figures have been collected from observers in 
different countries ; 

McDill, for example, in a statistical review of over 100,000 cases of 
dysentery in the East, found approximately 4,000 cases of liver abscess. 
Rogers noted hepatic involvement in 20 per cent, of his large series of 
cases. Strong and Musgrave ran across 23 instances of liver abscess 
among 100 fatal cases of amebic dysentery in the Philippines. In a 
series of 78 fatal cases reported by Craig occurring mostly in this 
country, 33 per cent, showed liver abscess at autopsy. These figures in- 
dicate that hepatic abscess occurs in at least 20 per cent, of the fatal 
cases of entamebic dysentery. The incidence is less, however, in the 
general average of clinical cases, due to the fact that in many instances 
entamebic infection of the intestinal tract is overlooked entirely. 

Etiology. — Predisposing Factors. — Climate , — Entamebic abscess of 
the liver is largely a disease of the tropics and subtropics, although 
scattered cases are not infrequently found in other regions. Many 
cases are discovered, in fact, among individuals who have never resided 
in tropical countries. In the United States the disease is by no means 
rare, especially in the South, where its prevalence has been, to a certain 
extent, overlooked. Elliott was able to collect 116 cases from two hos- 
pitals in New Orleans, covering a period of three years. The majority 
of these patients had never been outside of the country. 

Race as a Predisposing Factor . — Europeans residing in the tropics 
are more susceptible to the disease than are natives. Manson places the 
relative frequency of hepatic involvement at 95.2 per cent, for Euro- 
peans, as contrasted with 4.8 per cent, for native residents. These figures 
are rather notable in view of the fact that entamebic dysentery is relative- 
ly more common among the native population. Stitt claims that abscess 
of the liver is more prevalent in those centers of amebic infection where 
foreigners possess little knowledge of the conditions necessary for the 
maintenance of health in the tropics. According to Musgrave, the 
Chinese are especially immune to hepatic complications of entamebiasis. 
This, he believes, is due to the simple quality and to the excellent 
manner of preparation of food common to the Chinese, and also to their 
habit of tea drinking. 

Other Factors . — ^Persistent irritation of the liver with certain articles 
of foody as well as with alcoholic stimulants, is undoubtedly an important 
predisposing factor to the disease. An excess of animal foods and 
strong condiments is especially prone to bring about hyperemic states 
of the liver. Overindulgence in such foods, and especially in alcohol, 
probably furnishes an explanation of the greater susceptibility to the 
disease shown by the whites in the tropics. Men are likewise much more 
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frequently affected than women. The disease is exceedingly rare in 
children. The majority of eases occur between the ages of twenti/-one 

forty- Occupation would seem to play no special role in the etiology. 

Symptomatology. — The clinical symptoms of entamebic hepatitis de- 
pend upon the duration of the disease, upon the size and location of 
suppurative lesions, when present, as well as upon the existence of 
secondary infections. Rogers has described two distinct clinical stages 
as follows; 

(1) A presuppurative stage, representing the earlier period of 
hepatic involvement, before suppuration has set in. 

(2) A suppurative stage, which is characterized by the formation 
of either single or multiple abscesses. 

Presuppurative Stage. — This presents itself clinically as an ordi- 
nary acute hepatitis, accompanied by enlargement of the liver, pain and 
tenderness in the right costal region, and fever, which is usually of a 
remittent type. There is frequently a high leukocytic count present 
(15,000-30,000), even during the initial stages. In some cases, the onset 
may be more insidious and the clinical course less highly acute. 

In tropical and subtropical countries in particular, the physician 
should be constantly on guard for the early recognition of hepatic com- 
plications. Rogers has submitted a convincing array of figures to prove 
that a great reduction in the death rate occurs in hepatic entamebiasis 
as a result of the prompt recognition and cure of the infection during 
the jiresuppurative stage. He claims that during four consecutive years, 
no case of hepatitis in the Calcutta European General Hospital went on 
to abscess formation, every potential case having been aborted by the 
prompt employment of emetin, while in a considerable number of cases 
in which suppuration was already established in the organ, a marked 
reduction in mortality was likewise noted as a result of the use of this 
drug. 

Suppurative Stage. — Unless treatment is instituted at an early 
period, suppuration practically always occurs and the case then becomes 
one of frank abscess of the liver. With the formation of pus, the clini- 
cal course becomes modified in many respects from that of the presup- 
purative stage. The septic element is increased and the local symptoms 
also become more pronounced. The chief clinical features of the abscess 
stage are as follows : 

General- Disturbances . — A characteristic picture is usually present, 
especially during the later stages of the disease. The facies presents an 
expression of intense lassitude with drawn features and sunken eyes. 
The complexion is sallow or muddy, the mucous surfaces show consid- 
erable pallor, and the conjunctiva often appears faintly jaundiced. The 
pulse is rapid and of low tension, and there is, as a rule, great muscular 
exhaustion, which finally forces the patient to go to bed. The whole 
picture ‘ is one of general constitutional depression due to profound 
toxemia. On the other hand, in the absence of the toxic element, even 
a large abscess may pass through successive stages of development with- 
out serious constitutional disturbances. 
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Fever . — Fever constitutes one of the most constant and reliable of 
the clinical symptoms of hepatic abscess. The patient is not always 
aware of the presence of increased temperature, and it is frequently 
first discovered by the use of the thermometer. In the majority of cases, 
the fever is continuous, with only a slight rise during the afternoon 
hours. In other cases, the afternoon rise is more marked, reaching 
104^ F. (40° C.) at times, and there may be complete defervescence 
during the early part of the day. The latter intermittent type of tem- 
perature is most commonly observed during the earlier stages of the 
disease, before the abscess cavity has become walled off by fibrous tissue. 
When this process is complete, the fever curve assumes a lower range 
and may eventually become normal. Abriol noted 4 cases of normal 
temperature among 38 cases observed by him in the Philippines. The 
spontaneous rupture or drainage of an abscess is usually accompanied 
by a sudden and sharp rise in temperature, due to secondary infection 
with bacterial organisms. 

Sweating . — Copious sweats are frequently present in connection with 
the increased temperature. When very profuse or drenching in char- 
acter they tend to lower the fever temporarily, and may produce consid- 
erable depression. If the fever happens to be of the intermittent variety, 
with a high afternoon rise followed by a drenching sweat, the condition 
is often looked upon at first as one of malarial infection. The examina- 
tion of the blood in conjunction with other signs should suffice, however, 
to clear up all doubt in regard to the diagnosis of the two conditions. 

Local Symptoms . — The local symptoms vary greatly in each case. 
The symptom most frequently complained of is pain situated in the 
right hypochondrium. In most instances, the pain is of an aching or 
boring character and is apparently increased by any physical effort on 
the part of the patient. Even a turning movement from side to side 
may bring about increased signs of distress. The pain is rarely of a 
severe nature, but the constant nagging sensation in the region of the 
liver proves very depressing to the patient. Complaint is made at times 
of a peculiar sense of fullness and heaviness under the right costal 
arch, due to increased tension in Glisson's capsule. As the al)scess en- 
croaches more and more upon the peritoneal surface of the liver, the 
pain becomes sharper and more lancinating in character. This type of 
pain is, as a rule, a sure indication of the onset of a localized peritonitis. 
When the dome of the right lobe becomes involved, just beneath the 
diaphragm, the pain is often referred to the right shoulder, or may 
even radiate down the right arm to the finger tips. There is, however, 
nothing characteristic in this feature, since it is observed in other 
disease conditions affecting the right lobe of the liver. 

Physical Signs . — An increase in the normal border of the liver dull- 
ness is brought about by enlargement of that organ. This, therefore, 
constitutes a common physical sign in abscess of the liver. The char- 
acter of the enlargement is necessarily determined by the size and loca- 
tion of the abscess. When the right lobe is affected, the enlargement 
is usually directed upward towards the diaphragm, resulting in en- 
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croachrnent upon the normal borders of the right lung. The upper 
edge of liver dullness, in this case, is often irregular in contour with the 
highest convexity in the axillary line. When the abscess occupies a 
posterior position, much difficulty may be experienced in differentiating 
the condition from pleural effusions. A similarity of clinical symptoms 
may create further confusion. Abscesses in the left lobe are also a special 
source of diagnostic difficulty which often requires considerable time 
and skill to solve. This condition usually presents itself as an indefinite 
enlargement or bulging in the epigastrium, with ill-defined borders of 
dullness and considerable tenderness and rigidity of the abdominal wall. 
Bulging is likewise observed in advanced abscesses situated in the right 
lobe. With the onset of a localized peritonitis, friction sounds may be 
heard occasionally in the region of the right lobe. This may be either 
of peritoneal or of pleuritic origin. The normal free excursion of the 
diaphragm to the right may be entirely absent (Litten’s sign). This 
signifies inflammatory fixing of the diaphragm and may serve as an 
indication of impending rupture into the pleura. In the presence of 
a large abscess, shortly before rupture, the thoracic w^alls become espe- 
cially sensitive to touch and deep pressure over the liver region will 
frequently province excruciating pain. 

Cawgh , — When rupture takes place into the pleural cavity or into 
one of the larger bronchi, cough becomes a prominent symptom. How- 
ever, even in the absence of this complication, a dry, hacking, rasping 
cough is frequently present from the onset. This latter type of cough 
is caused by irritation of the diaphragm or pleura. Expectoration is 
profuse in the case of rupture into the lung, and the sputum has a 
characteristic cho<!olate color or the appearance of anchovy sauce. 

Blood (‘hanges . — A leukocytosis, when present, is a valuable diagnos- 
tic sign both in the suppurative and the presuppurative stages. It 
should be remembered that a high leukocytosis is frequently present, even 
before suppuration has set in. Rogers records a count of 28,500 in one 
case, which subsided completely without abscess formation. In only 2 
of this author’s series of 63 well studied cases did the count exceed 
35,000, even when extensive suppuration had developed. Leukocytosis 
is, however, found entirely lac'king in some cases. In 8 of AbrioHs 38 
cases, for example, Ihe leukocytic count was practically normal, varying 
between 6,000 and 10,000. Rogers believes that a low leukocytic count is 
always associated with a marked degree of anemia, so that the decrease 
is relative rather than real. The differential count is probably more 
important diagnostically than the total count of white-cells. In entamebic 
hepatitis, whether suppurative or non-suppurative, the polymorphic neu- 
trophils do not register the proportionate increase which appears in 
other septic conditions, rarely exceeding 70 per cent, of the whole. 
The presence of this low polynuclear count, in conjunction with a high 
total count, should always prove suggestive of entamebic complication 
in the liver. In advanced abscess cases, a mild degree of secondary 
anemia is very rarely absent. 

Diagnosis. — The clinical symptoms of the disease are subject to 
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many variations and, in fact, the entire course may be so insidious that 
the first indication of the serious nature of the malady is revealed by 
the sudden perforation of the abscess into some neighboring organ. In 
tropical practice, the uncertain manifestations of the disease are well 
recognized and the diagnosis is not overlooked as often as is the case 
in regions where the infection appears only sporadically. The following 
admirable set of rules, formulated by Manson, may be made to apply 
in all regions: 

‘‘Golden rules in tropical practice are to think of hepatic abscess in 
all cases of progressive deterioration of health, and to suspect liver 
abscess in all obscure abdominal cases associated with evening rise of 
temperature, and this particularly if there be enlargement of, or pain in, 
the liver, leukocytosis and a history of dysentery — not necessarily recent 
dysentery. If doubt exists, there should be no hesitation in having early 
recourse to the aspirator to clear up the diagnosis.’’ 

Almost every type of enlarged liver has been mistaken at times for 
entamebic abscess. Special confusion exists in inflammatory swellings 
where a high leukocytic count is present. The relatively low polynuclear 
count in entamebic hepatitis may prove of value under such circum- 
stances. Cases which show marked daily remissions or intermissions 
of temperature are often treated for malarial fever before the true 
nature of the trouble is revealed. The difficulty in diagnosis is further 
increased by the presence of an enlarged liver, in many cases of chronic 
malarial infection, although examination of the blood should serve to 
remove all doubts. The various forms of tuberculosis, and particularly 
tuberculous pleurisy with its irregular hectic type of temperature and 
increased thoracic dullness, have likewise been frequently mistaken for 
abscess of the liver. Here the definite aspect of an enlargement of the 
liver with a previous history of dysentery should prove of assistance in 
the diagnosis. 

The x-ray has been employe<l in recent yeai's as an aid in the diag- 
nosis of liver abscess. Undci* the lluoroscope, the diaphragm will often 
appear fixed and immovable over the dome of the liver. The shadow of 
the organ as a whole may show great enlargement and, in some instances, 
definite bulging and pointing of the abscess can be made out with clear- 
ness. Pathological conditions in the lungs can also be promptly differ- 
entiated in this manner from those which have their origin in the liver. 

In all doubtful cases, the exploratory needle or aspirator should be 
used, as previously mentioned by Manson. If more use were made of 
this comparatively simple procedure, the author is firmly convinced that 
a great amount of unnecessary suffering on the part of the patient 
as well as of embarrassment to the physician might be avoided. 

ComplicatioiLB. — Aside from the uncertain effects of the toxins upon 
the various organs of the body, the chief complication encountered in 
the course of the disease is the spontaneous rupture of the abscess into 
contiguous areas surrounding the liver. The most frequent route of 
rupture is through the right pleural cavity or lung. Craig has arranged 
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the following table, based upon statistics obtained from different ob- 
servers, which furnishes a guide to the relative frequency of rupture 
involving the neighboring regions of the liver: 
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Liver 
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Waring 

300 

68 

14 

28 

15 

2 

1 

1 

3 

2 

2 

Dutroulau 

66 

25 

2 

10 

7 

1 

1 


. , 

, . 

4 

Bouis 

162 

54 

11 

17 

14 

3 

6 
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Haspel . . 

2.5 

6 

4 

2 








Camboy. . . 
Howard , . 

10 

6 

3 

5 

‘ 5 

2 








Craig. . . . 

24 

7 

2 

5 









The average percentage of rupture in this series of 593 cases is 28 
jjer cent. With modern methods of treatment, the probability of rupture 
into other organs has been rcKiueed to a degree considerably below this 
figure. The clinical manifestations of a spontaneous rupture depend 
almost entirely upon its location. When rupture takes place into the 
lung, expectoration of typical liver abscess pus follows, as described 
above. Rupture into the pericardium is, as a rule, promptly fatal. 
On the other hand, the spilling of the abscess contents into the peritoneal 
cavity may not prove fatal, if secondary infection with bacteria is absent 
at the time of rupture. In those cases in which drainage is established 
through the skin, a local infection with the specific organism is sometimes 
set up. A particularly intractable type of phagedenic ulcer has been 
found to occur over the skin surface, and scrapings from the ulcers, as 
a rule, show characteristic forms of Entmyteha histolytica^ 

Treatment. — Treatment is largely of a surgical nature. A number 
of medical aspects are also presented, however, which require brief 
discussion. According to Rogers, suppuration might be prevented, in 
many instances, by the prompt use of hypodermatic injections of emetin 
during the presuppurative stage. Great reduction in the incidence of 
hepatic abscess, as a whole, has been claimed by this author, since the 
introduction of emetin as a routine method of treatment. As a result 
of his vast experience with the disease in India, Rogers believes that 
the following conclusions are justified: '‘It is not too much to say that 
the vast majority of early cases of amebic hepatitis should be rapidly 
cured and the formation of tropical liver abscess should become a very 
exceptional occurrence, and one which ought to cause serious question- 
ings in the mind of the medical man under whose care it has been 
allowed to develop. This view is gradually gaining acceptance in 
all quarters. 

After the formation of the abscess, open drainage unquestionably 
constitutes the best method of treatment. Small single abscesses may 
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occasionally be cured without drainage by aspiration in conjunction 
with subcutaneous injections of emetin. After drainage has been estab- 
lished in the larger abscesses, the abscess cavity itself may be washed out 
with various anti-amebic solutions. Solutions of quinin have been 
extensively used for this purpose. Mebane suggests the treatment of 
the abscess walls with solutions of fluid extract of ipecac in a strength 
of one-half ounce to a quart of saline. Aqueous solutions of emetin 
(1-50,000) have also been recommended for the same purpose. Most 
authorities agree that great assistance is rendered during the post- 
operative ti*catment by the employment of systematic daily doses of 
emetin hypodermatically. If reeurrenc<‘s are threatened, further pro- 
gress of the morbid lesions is often checked by the prompt use of this 
drug. 

Prognosis. — The chances of recovery in entamebic involvement of 
the liver dejjend upon several factors, as follows: 

(1) The stage of the disease: The outlook is considerably more 
favorable in those cases which do not suppurate, or where the suppura- 
tive process is quickly checked by proper medical treatment. 

(2) The number of abscesses present: This is of decided impor- 
tance in the prognosis. Multiple scattered abscesses present a serious 
condition because of the difficulty involved in drainage and of the 
greater degree of toxic absorption which ensues. Fortunately, this type 
of the disease is rare. 

(3) The site of the abscess: Abscesses of the right lobe yield a 
higher mortality than those situated in the left lobe. This is probably 
due to the greater size which abscesses of the right lobe attain before 
their presence is discovered. 

(4) Size: Since the size of an abscess is largely determined by 
length of time it has existed, chronicity plays an important part in the 
prognosis. However, recovery has been found to follow in some in- 
stances where the abscess cavity has occupied as much as one-half of 
the entire T«ight lobe. 

Upon the whole, the prognosis is always to be looked upon as grave. 
The following table, compiled from various sources, furnishes an insight 
into the grave consequences of the disease: 


Observers 

Cases 

Country 

Mortality 
(per cent) 

Houis 

203 

Algiers 

80 

Castro 

125 

Egypt 

India 

72.5 

liogers 

64 

53 

Megaw 

292 

India 

60.1 

Rogers 

52 

India 

73 

Futcher 

27 

United States 

70 


Patbology. — A series of progressive changes take place in the liver 
as a result of the invasion of that organ by the Entameba histolytica. 
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The initial step in the pathology of the disease is the occurrence of a 
simple hepatitis, which results from a diffuse spreading of the active 
vegetative organisms through the small radicals of the portal veins. 
This corresponds clinically with the presuppurative stage, described 
by Rogers. The factors which eventually determine the formation of 
pus are not altogether clearly defined. Thrombosis is set up in some of 
the smaller vessels as a result of a cytolytic toxin, so that the organisms 
themselves become entangled, and further passage through the vessels 
is stopped. Here further toxins are evolved which eventually bring 
about a more active proliferation of the tissue-cells. Enlargement of 
the particular lobe involved is a natural sequence to this diffuse regenera- 
tive process. In some cases, the pathological process never passes 
beyond this stage. Rogers believes that the formation of pus is due to 
the escape of the path()genic organism through the vessel walls. This 
phenomenon is observed only when thrombosis has developed, cutting off 
a further supply of blood to the i)arts. In the necrotic center thus 
produced, the protozoal parasites are enablecl to migrate from the 
vessels into the liver-cells, thus setting up proteolytic changes. A coali- 
tion of several such small foci results in the formation of the larger 
type of abscess, commonly found in the disease. The size of the abscess 
cavity becomes limited by a dense fibrous capsule which is produced 
by a defensive reaction on the part of the liver-cells. In chronic pro- 
tracted cases, which have not drained, this limiting membrane gradu- 
ally increases in thickness and eventually becomes a source for the con- 
stant secretion of purulent material (pyogenic membrane). In this 
manner, the abscess cavity continues to enlarge and reaches a size out of 
all proportion to the amount of liver substance involved. Some authori- 
ties have reported the finding of as much as 2,000 c.c. of purulent 
material in the aspiration of a single abscess. The number of abscesses 
vary within wide limits. In over 70 per cent, of the cases, the morbid 
process is limited to a solitary abscess, which usually reaches large iiro- 
portions before its presence is discovered. Rogers believes that multiple 
abscesses are always the result of a mixed infection with staphylococci. 
Pus aspirated directly from the abscess cavity is almost always found 
to be sterile. The pus itself is of a characteristic thick viscid consistency 
and possesses no odor. Under the microscope, a large number of disin- 
tegrated liver-cells appear, in conjunction with red blood-corpuscles, 
leukocytes, fat globules, cholcsierin and Charcot-Leyden crystals. Ent- 
ameba* are rarely found in the aspirated pus, but may appear in large 
numbers w’hen fresh scrapings are made from the abscess walls. 

Abscess op the Brain (Cerebr.\l Entamebiasis) 

In nearly every instance, this condition occurs as a sequela to abscess 
of the liver. It is, on the whole, a rare complication. Forty-eight cases 
in all have been reported in tlie literature to date. An excellent review 
of the bibliography, including a detailed analysis of all previously 
reported cases, is to be found in an article by Armitage in the Journal 
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of Tropical Medicine and Hygiene (April 15, 1919). The first recorded 
case was described by Morehead in 1838. The infection reaches the brain 
from the liver by way of the arterial circulation. The smaller vessels, 
just as in the ease of entamebic hepatitis, act as a barrier to the passage 
of the pathogenic organisms. The obliteration of the vessels serves as 
the starting-point for the formation of a necrotic infarct. Prom these 
foci, the organisms set up further changes, eventually forming large 
abscesses, varying in size from that of a nut to that of an apple. The 
abscesses may be single or multiple. Practically all parts of the brain 
may be affected, including the cerebellum, l^oth vegetative and encysted 
entamebic can usually be obtained from the pus or abscess wall. The 
clinical symptoms depend largely upon the location of the abscess and 
do not differ markedly from those found in other forms of cerebral 
abscess. When the silent areas of the brain are involved, local symptoms 
are, as a rule, missing. Indeed, the condition may be detected only 
at autopsy, as in a case recently reported by Stout and Fenwick. 

In larger abscesses, the course is usually rapid and fatal. A small 
abscess, according to Prown, may encyst and give rise to no further 
trouble. Cerebral abscess is always to be suspected when severe toxic 
symptoms persist after the drainage of a liver abscess. In some cases, 
the condition only appears after the hepatic lesions have subsided. 

The treatment is principally surgical. 

Abscess of the Spleen (Splenic Entamebiasis) 

This complication is even less frequent than that of cerebral abscess. 
The route of infection is usually through the portal vessels, although 
direct invasion of the organ is possible by contact with ulcerative lesions 
situated in the splenic flexure of the colon. Abscess of the spleen super- 
venes, as a general rule, during or following hepatic abscess. The 
clinical symptoms are those of splenic tumor, accompanied by evidences 
of general toxemia. 

The prognosis is not favorable on account of the rapid progress of 
suppurative lesions in the spleen. 

Urinary Entamebiasis 

Infection of the genito-urinary tract with parasitic amebae was 
first recorded by Baelz, in 1883. He found large motile amebae 
in the bloody urine and in the vaginal secretion of a patient in Japan. 
The organisms measured from 23 to 50 microns in diameter, and pos- 
sessed short blunt pseudopodia. Baelz ^s observation was made many 
years before the present basis for the differentiation of the entameba 
was established, so that the exact character of this particular organism 
cannot be accurately determined. Cases very similar in character were 
subsequently reported at different intervals by Jurgens, Posner, Kar- 
tulis, Wijnoff and Jefries. In all of these cases, the symi)toms were 
those of an infected bladder in conjunction with a purulent and san- 
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guineous urine. In 1911, Craig made a complete study of the organism 
associated with this condition, which up to this time had been considered 
as entitled to specific rank, under the name ‘‘Entameba urogenitalis. ’ ' 
Craig came to the conclusion that this organism did not represent a 
distinct species, but was to be looked upon as identical with Enta/meha 
histoiyiica. The parasite appears in the genito-urinary tract, solely as 
a result of an accidental migration from its original habitat in the 
intestine. This view has been generally accepted by recent writers. 
Pischer, Lynn, Walton, Chalmers, O ’Farrell and Maefie, have each re- 
corded cases of genito-urinaiy entamebiasis as a sequela to intestinal 
entamcbiasis. The mode of entrance of the organism into the urinary 
tract varies in each instance. At autopsy in one of Craig’s cases, a 
small fistulous opening was discovered between the large bowel and 
the bladder. Walton believes that the infection in his case, that of an 
East Indian, was brouglit about by the transference of the organism 
from the rectum to the genitalia, through ablution of the parts. It is 
probable that the organisms reach the bladder, in most instances, by 
direct migration from the anus when cleanliness of the parts is not 
carefully observed. 


TREATMENT 

General. Prophylaxis 

Entamebic dysentery, like other infectious conditions of the intestinal 
tract, nearly always arises from the swallowing of contaminated food 
or drink. The chief infectious agent is now generally recognized to be 
the encysted form of the organism rather than the trophozoites, since the 
latter are readily destroyed by the action of the gastric juice in ’the new 
host, and, in addition, cannot withstand destructive influences outside of 
the body. The cysts, on the other hand, arc highly resistant to external 
conditions, and remain viable for an indefinite period after they are dis- 
charged from the body, if afforded protection against sunlight and 
dryness. Wenyon states that the cysts of Eniameha histoiyiica are killed 
instantaneously when deprived of a sufficient amount of moisture ; the 
cysts of other intestinal protozoa are affected in a similar manner. 
Thompson and Thom])son found from their experiments that the ent- 
amebic cysts remained unchanged in water for as long a period as one 
year and the same proved true for feces, if a proper degree of moisture 
was provided. The moist soil and humid atmosphere of tropical coun- 
tries thus affords a suitable environment for the continued life of the 
cyst after it leaves the body. Prom the soil, the cysts are distributed 
by various means to supplies of drinking water and to foodstuffs. 

Plies and other insects serve as the chief disseminators of 
the infection. As a result of an elaborate series of experiments carried 
on principally with flies, Wenyon and O’Connor concluded that: 

(1) Plies allowed to feed on infected feces are enabled to take 
up encysted and other forms of protozoa readily into the intestines. 
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(2) The cysts do not degenerate to any extent in the gut of the 
fly, and are passed on unaltered in their droppings. 

(3) Plies can thus deposit in their droppings material which they 
have ingested only five minutes before. 

(4) Plies becoming infected in this way will naturally deposit 
material on any kind of food on which they feed, and it seems that 
the wide distribution of human protozoal infections in warm countries 
can best be explained in this way. 

(5) The fly is much more dangerous on account of material passed 
through the intestine directly, than on account of material which it may 
regurgitate, or which has become attached to its legs or body, as the 
latter quickly dries, and is in most instances quickly destroyed. 

The observations of these authors, which have now been confirmed 
by practically all other workers in this field, demonstrate the great 
importance of directing stringent sanitary measures toward destroying 
the breeding-places of flies and limiting the uncontrolled distribution 
of these and other insects in the homes and eating-places of human 
beings. 

The part played by moisture in keeping the cysts alive after they 
have been discharged from the human body, or after their deposit from 
the intestinal tract of flics, has been insisted upon by Woodcock. This 
factor must likewise not be overlooked in considering the epidemiology 
of the disease. 

In general, the measures to be employed in the prophylaxis of ent- 
arnebic diseases, may be summarized under the following headings: 

(1) The destruction of the organisms within the human body, by 
means of specific medication, before opportunity has been allowed for 
encystment. 

(2) The destruction of the organisms, and especially the encysted 
forms, following their evacuation from the body. 

(3) Measures directed toward the prevention of contamination of 
the soil by the cysts. 

(4) The safeguarding of all potential sources of infection from 
contact with flies and other insects. 

As regards the destruction of the organisms within the body prior 
to encystment, it may be said that a solution of this problem would in 
time serve to eradicate the disease completely. This is, however, to a 
great extent impracticable, especially where large numbers of individuals 
are involved. 

Two types of disease carriers are recognized : 

(1) The convalescent carrier, who has experienced previous clinical 
manifestations from his infection. 

(2) The contact carrier, who has remained entirely free from symp- 
toms, but who is none the less a free distributor of the infection. 

In both instances, the disease is transmitted to other individuals 
through cysts passed in the stools. The active motile entameba? succumb 
quickly outside of their ordinary intestinal environment. Encystment 

VOL. IV. — 21, 
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takes place only within the body, and it is probable that the cysts are 
never destroyed by the administration of therapeutic agents. 

Bass has approached the prophylaxis of malaria by attempting, on 
a large scale, within certain districts in the State of Mississippi, the 
destruction of the malarial cysts in the human carrier. 

The constant killing off of the vegetative forms of these organisms 
in the blood stream, by means of sufficient doses of quinin, has rendered 
it possible to prevent the further spread of the disease to other individ- 
uals, by eliminating the carriage of cysts in the bodies of mosquitoes. 
A somewhat similar procedure is possible in the case of entamebic in- 
fections, within definite localities, but its success would necessarily de- 
pend upon a broad scope of operation. Lacking this, prophylaxis must 
be confined to controlling the spread of the cysts outside of the body. 
The measures to be adopted to this end should include : 

(1) The disinfection and sanitary disposal of feces in infected 
localities. 

(2) The safeguarding of the w^ater supply from infection, as well 
as the boiling of drinking water and milk, when the possibility of in- 
fection is present. 

(3) The avoidance of raw fruits and raw vegetables, grown in in- 
fected soils. 

(4) The general destruction of flies and other insects as well as the 
screening of homes against their free and unlimited access. 

General Medicinai. Treatment 

Ipecacuanha. — In the treatment of entamebic dysentery, only one 
drug is to be seriously considered, and that is ipecacuanha, administered 
in some one of its many fornLS. Fortunately, we possess in this drug 
a true specific for the malady, and one which will prove successful in 
the vast majority of cases, if properly administered. 

The use of ipecac in connection with dysenteries dates back, in point 
of fact, to a very early period in medical history. The drug was first 
introduced into Europe in 1682 by a traveler, who had heard its virtues 
extolled during a brief sojourn in Brazil. For many decades prior to 
this time, the natives of the latter country had made empirical use of 
the drug as a remedy against the many types of enteric disturbances 
which abound in that region. A large quantity was subsequently pro- 
cured by Helvetius, a Dutch physician then residing in Paris, who pro- 
ceded to dispense it liberally in all forms of dysentery, without revealing 
its nature. Great prominence was finally attained in the ease of the 
Dauphin, son of Louis XIV, who had suffered from dysentery for many 
years. The favorable outcome in this case so impressed the French 
government, that the closely guarded secrets of the wonderful formula 
were purchased outright from Helvetius. In course of time, ipecac came 
into general use in all forms of bowel derangements, without regard to 
the cause and with only varying degrees of success. Before the dis- 
covery was made that dysentery was not in itself a clinical entity, but 



TREATMENT 


323 


denoted merely a group of clinical symptoms arising from widely dif- 
ferent causes, it was but natural that diversity of opinion should have 
existed in regard to the therapeutic value of the drug. It is in fact 
only within the past half century that its distinctive value in entamebic 
infections has become definitely established. Nevertheless, it is inter- 
esting to note that even in quite recent years the specific effect of ipecac 
in entamebic infections has not always been clearly seen or acknowledged. 
This was exemplified by a number of our army officers in the Philippines, 
following the close of the Spanish American War, who seemed to be 
particularly opposed to the nse of the drug. 

In discussing the treatment of entamebic dysentery at that time, 
Strong claimed that he had employed ipecac in many cases which came 
under his observation in the Philippines, and did not consider this agent 
in any sense curative ; he attributed the subsidence of acute symptoms 
to the effects of the opium wliich was used in conjunction with this 
drug. Jackson appeared even more outspoken in his opposition, stating 
that he had seen the drug tried out thoroughly, and was convinced of 
its utter uselessness, and also of its liarrnfulness. Saiidwith was also 
frank in acknowledging his lack of faith in the remedy at an earlier 
period of his career in the British colonial service, but subsequently be- 
came convinced of his error, lie explained his reason for this change of 
opinion in the following words: 

* ‘ I think it is now obvious that my failures, which were also experi- 
enced by many good clinicians in India and other tropical countries, 
wore chiefly due to two facts: 

‘‘(1) We knew but little of the various types of dysentery, and 
when we met with no success or with very partial success, we blamed 
the ipecacuanha, instead of discovering that we were very often aiming 
at bacilli with a weapon which we know now is only warranted to kill 
amebae. 

“(2) We were taught to administer ipecacuanha in single doses, 
repeating it, though it was vomited by the patient, and occasionally 
giving a third dose if necessary, but it was not the fashion to prolong 
the use of the drug. It hardly occurred to us to imagine that if slight 
temporary benefit occurred after one nauseous bolus, a permanent cure 
might be attained by continuing the remedy.’' 

This frank acknowledgment of previous failure and ultimate success 
with ipecac may be taken to heart with profit by many conscientious 
physicians at the present day. The real credit for preserving faith in 
the specific action of the drug in entamebic diseases must be accorded 
to Sir Patrick Manson, whose allegiance to this particular remedy never 
seemed to wave!-, even in the face of skepticism expressed on all sides. 
Largely as a result of Sir Patrick Manson 's enthusiasm, the writer him- 
self, in 1908, after experiencing many failures with other measures, 
ventured to make use of the ipecac root in the treatment of a number 
of chronic entamebic infections of the intestinal tract. The marked 
success which attended the trial of the drug in these cases was made 
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the basis for a report i)ublished during the following year. A short 
time previous, Dock had reported similar favorable results from the 
same field. 

The publication of these two papers, almost simultaneously, caused a 
general revival of interest in this old-time remedy, especially in this 
country and in its newly acquired tropical possessions. It had been 
found that the nauseous effect of the drug in pill form might be overcome, 
to a considerable extent, by a proper enteric coating of salol^ in accord- 
ance with a suggestion previously made by Rogers. 

Introduction of Emetin. — Nevertheless, many bedside disadvan- 
tages still clung to this plan of treatment and, in the course of time, 
demand was made for a more simple and less disagreeable method 
of administering the drug. This demand was met in 1912 by the in- 
troduction of emetin, one of the active alkaloidal derivatives of the 
ipecac root. Two years previous, Vcdder had made the discovery that 
the ipecac alkaloids were effective in destroying ameha Limair. in culture, 
in dilutions as high as 1 to 100 , 000 . Credit is due cliiefly to Rogers for 
making clinical application of this finding in the treatment of entamebic 
diseases in man. 

As early as 1817, Peletier, a French chemist, had made a study of 
the constituents of the ijiecac root. The name emetin was given by 
Peletier to the single alkaloid, which he believed that he had extracted 
from the plant. In 1894, Paul and Cownley proved conclusively that 
the substance known as emetin was, in fact, a mixture of three alkaloids, 
which were entitled in turn : emetin^ cephalin^ and psychoirm. Each 
of these alkaloids was found to possess distinctive pharmacological prop- 
erties. According to these authors, the emetic action of ipecac was pro- 
duced for the most part by cephalin, and did not reside, as was formerly 
believed, in emetin alone. A further analysis of the alkaloids was under- 
taken by Wild in 1895, who carried on an extensive series of experiments 
in man and in the lower animals. Not only was Paul and Cownley ’s 
work confirmed, but Wild also became convinced that the medicinal 
effect of ipecac was due to cephalin and emetin respectively to about 
equal degrees. Psychotrin was shown to be devoid of all therapeutic 
action. 

Following the publication of Rogers' successful clinical results with 
emetin, the drug gained wide and extensive usage in the treatment of 
entamebic dysentery and its allied conditions. In the midst of the 
general acclaim over the virtues of this newly discovered therapeutic 
agent, the previously established value of the parent drug was almost 
entirely overlooked. In the eyes of many careful observers, the fact soon 
became apparent, however, that while emetin did undoubtedly exercise 
marked control over the acute and subacute manifestations of entamebic 
dysentery, in the majority of instances, the effect was merely temporary, 
the organisms being cheihed in their activity without suffering com- 
plete destruction. This latter effect had formed an important claim 
made in behalf of ipecac by those who had previously become fully con- 
versant with its effect in chronic cases. In large numbers of cases treated 
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with full doses of emetin, relapses were found to occur with considerable 
frequency. No question could be raised concerning the selective action of 
the drug on the pathogenic entamebae, but this action appeared to be 
confined to the large trophozoites, and did not materially affect the 
smaller and more resistant vegetative forms. 

Since the clinical symptoms of entamebic dysentery are dependent 
in great measure upon the activity of the histolytica organism, it is easy 
to understand the marked effect produced by emetin upon the acute 
manifestations of the disease. None the less, the author is firmly of 
the opinion that apart from this clinical phase, the entire ipecac root 
must needs be relied ui)on to achieve complete sterilization of the in- 
testinal tract in the presence of a firmly intrenched infection. 

Method of Administering Emetin. — Emetin is commonly admin- 
istered in the form of the hydrochlorid or hydrobroinid salt. Both have 
proven to be equally effective, but the hydrochlorid combination, on 
account of its greater solubility, is more applicable for general use. The 
oral administration of the drug is accompanied by little, if any, dis- 
comfort to the patient, in marked contrast to the nauseous effect pro- 
duced by ipecac, when given by mouth. The amebicidal action of the 
alkaloid is very feeble, however, when taken directly into the digestive 
tract. For this reason, the subcutaneous method is to be preferred. 
When injected under the skin, the drug is rapidly alxsorbed and reaches 
the blood stream in a more concentrated form than by the oral route. 
In highly acute and fulminating cases, requiring immediate and urgent 
treatment, intravenous injections may be resorted to without danger to 
the patient. The dose for the intravenous injection should not exceed 
lA grain (0.0324 gram). For hypodermic medication, as much as 
1 to 1 V 2 grains (0.065 to 0.097 gram) may be employed every twenty- 
four hours, with perfect safety in most instances. Any amount above this, 
however, is liable to be followed by toxic symi^toms, especially if re- 
peated for several days without intermission. In chronic cases, the 
plan usually followed is to administer daily doses of from Vi* to 1 grain 
(0.0324 to 0.065 gram) by needle, covering a period of ten days. In 
obstinate infections, some authors have recommended the repetition of 
this dosage in several courses, or until the organisms have entirely dis- 
appeared from the stools. Some danger is connected with the continued 
use of emetin in this manner, so that precaution is necessary when the 
prolonged use of the drug is undertaken. 

Toxicology of Emetin. — ^Within a short period following the intro- 
duction of emetin, instances of its toxic effects on the human organism 
were recorded from numerous sources. As early as 1895, Wild had 
made an exhaustive study of the toxic properties of emetin and cephalin, 
both in man and in the lower animals. At that period, the subject had 
possessed a purely academic interest, but it achieved great prominence 
subsequently when to the pharmacological aspect a clinical aspect was 
added. In more recent times, further contributions have been made 
to the subject, so that fairly accurate knowledge is now available in 
•regard to the toxicology of these agents. Of these contributions, the 
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most notable perhaps has been the extensive series of experiments, 
conducted by Pellini and Wallace in 1916, regarding the toxic action of 
emetin upon the various organs of the body. These authors employed 
cats for the most part in their experiments, and as a result of their 
findings they were able to formulate the following conclusions: 

(1) Emetin depresses, and may eventually paralyze, the heart. 

(2) It is a powerful gastro-intestinal irritant, whether given by 
mouth or by subcutaneous injection. 

(3) It causes a definite derangement of metabolism characterized 
by an increase in nitrogen loss and an acidosis. 

(4) While in normal individuals, if the drug is given in moderate 
doses, these actions may not be of importance in pathologic states of 
the circulation, intestinal tract or metabolism, there may be a very 
definite source of danger. 

In clinical practice, markedly i)oisonous effects are rarely ob- 
served in connection with the comparatively small doses of emetin 
ordinarily employed, although mild attacks of toxemia are by no means 
uncommon. In the writer’s opinion, the harmful features of the drug 
have been on the whole overemphasized. In a large series of cases in 
wdiich moderate doses were employed over a limited period, comj)lica- 
tions were encountered in but relatively few instances. Any dosage in 
excess of 1 grain (0.065 gram) per day, without control over the duration 
of the treatment, will increase the probability of toxic effects to a con- 
siderable extent. Under such conditions, the various organs of the 
body may be affected in the following manner: 

Gastro-intestinal Traci . — In most instances wdiere hypodermic in- 
jections of emetin are found to produce vomiting, contamination of the 
drug with cephalin is to be suspected. The author is le<l to this belief 
by the fact that when a pure product has been obtained, vomiting has 
rarely, if ever, occurred. As stated previously, cephalin constitutes the 
true emetic principle of the ipecac root, acting directly upon the vomit- 
ing center in the medulla. In many instances in which emetin is used 
in excessive doses, and especially over long periods, a particularly ob- 
stinate type of diarrhea develops. This condition does not always clear 
up readily, according to the author’s experience, even with the discon- 
tinuance of the drug. Considerable importance is attached to this 
so-called emetin diarrhea, since often a vicious circle is produced by 
persisting in the use of the drug for an indefinite time, long after its 
amebicidal action has been completely expended. 

Circulatory System . — In the experience of most observers, emetin 
may at times produce a depressing action on the hbart and blood-vessels. 
Even sudden death has been attributed in rare instances to an over-use of 
the drug. In the lower animals, large doses of the drug have been shown 
to exert an especially deleterious effect upon the heart functions. This 
Avas noted by Dale in a series of observations made upon dogs, and more 
recently by Pellegrini and Wallace in the case of cats. In man, Wenyon 
observed signs of disturbances of the heart’s action in only 2 cases in 



TREATMENT 


327 


his entire series of bedside observations with emetin. In both cases, 
irregularity of the heart-beat and shortness of breath were the predom- 
inating symptoms. In one of the author’s own eases, marked cardiac 
arhythmia followed the use of comparatively small doses. A fatal issue 
was re])orted by Rowntrec in the case of 2 individuals, where only 
moderate doses of the drug had been employed. These cases claimed 
considerable attention because of the fatal outcome, but in neither in- 
stance was it definitely proven that the emetin alone had served as the 
cause of death. Rowntree himself attributed the result to the presence 
of certain impurities in the drug itself, although he was not able to as- 
certain their exact nature. Nevertheless, experiments on the lower 
animals have (dearly indicated that a certain degree of caution is neces- 
sary in the administration of emetin, in the ease of individuals who are 
suffering from myocardial and circulatory diseases. Patients of this type 
should be kept in bed and under constant observation for ai)proaching 
signs of cardiac depression. 

Nervous System. — Undoubtedly, the most frequent complication met 
with in the routine administration of emetin is a mild form of peripheral 
neuritis. The lower extremities arc affected in the majority of cases. 
As a result of this (iomplication, the patient experiences a feeling of 
soreness and stiffness in the muscles, which becomes especially noticeable 
when he walks. In some instances, he is comi)elled to remain in bed 
until the more acute manifestations have subside<i. Permanent impair- 
ment of function is, however, very rarely observed. The muscular 
discomfort will usually be found to clear up within a short period, 
seldom exceeding two or, at most, three weeks in duration. There is a 
certain degree of susceptibility on the part of the nervous system in 
the case of some individuals, which explains the unexpected occurrence 
of peripheral neuritis at times, even when only comparatively small 
doses have been employed. 

Local Irritation . — When the powdered ipecac root is brought into 
contact with the skin and mucous surfaces of the body, it produces 
marked irritation. For this reason, individuals who are compelled to 
handle the drug in large (luantities for commercial purposes sometimes 
suffer much inconvenience. The subcutaneous injection of emetin is 
occasionally followed by a marked local reaction. The majority of 
patients, however, suffer few disagreeable effects from their injections. 
In introducing the drug under the skin, care should be taken to avoid 
the finer nerve-trunks and blood-vessels. It is also inadvisable to inject 
the drug into the muscles, since this is almost invariably followed by a 
sensation of soreness which may persist for many days. With these 
precautions in mind, the entire course of hyx^odermic medication with 
emetin can be accomplished with comparatively little annoyance to the 
patient. 

Administration of Cephalin. — While the investigations made in 
regard to the toxicology of cephalin have not been carried out upon as 
extensive a scale as has bee n the case with emetin, a close similarity in 
the action of the two alkaloids has nevertheless been revealed. Cephalin 



328 ^ ENTAMEBIC DYSENTERY 

not only possesses greater emetic properties, but is to a considerable 
degree more irritating to the skin, when given hypodermatically, than 
is emetin. As amebieidal agents, both are probably equally effective. 
This was strongly indicated in the course of some clinical experiments 
which the author was enabled to make some few years back upon a lim- 
ited number of adult subjects who were suffering from an active type of 
entamebic dysentery. The following conclusions were drawn from these 
observations : 

(1) Cephalin would seem to possess an amebieidal action upon the 
free-living entameba to a degree at least equal to that of emetin in the 
same dosage. 

(2) The destructive effect of cephalin upon the more resistant strains 
of the organism would appear to afford more promise of success than 
that induced by emetin. One of the author’s cases has remained free 
from relapse for a period of five months. Repeated examinations re- 
vealed no reappearance of the cysts in the stool during that time. 

(3) The administration of cephalin by the subcutaneous route pro- 
duces considerably more irritation and pain at the site of puncture 
than does emetin. 

(4) Evidences of gastric disturbances accompanied by nausea and 
vomiting are encountered with more frequency and to a greater degree 
with the use of cephalin than wuth emetin. 

(5) There is less tendency to diarrhea in the course of the cephalin 
therapy than follows the use of emetin. 

(6) The employment of a combination of the two alkaloids by 
hypodermic injection would seem to promise a greater amebieidal effect 
than is obtained with emetin alone. 

(7) No evidence of toxemia was observed following the employment 
of the comparatively small doses of cephalin. 

These conclusions were not altogether in accordance with those of 
Rogers, who had also experimented with the drug on a limited scale, 
but without meeting with especially favorable results. Rogers con- 
cluded that cephalin had little effect upon the pathogenic entamebae. 

The local irritation produced by cephalin when used hypodermically 
is sufficient to bar it from general use. 

Synthetic Combinations of the Ipecac Ahkahoids. — In view of 
the relative ineffectiveness of the ipecac alkaloids in chronic entamebic 
infections, and likewise in consideration of the toxic properties which 
have been shown to be inherent in these agents, attempts have been made 
within recent years to devise higher synthetic combinations in the hope 
that the various objectionable features of the simpler products might 
thereby be overcome. Of these compounds, perhaps the two most widely 
employed have been emetin-mercuric iodid and emetin-bismuthous iodid 
prepared in accordance with definite formulas devised by Du Mez in 
1915. The insolubility of these preparations renders them unsuitable 
for hypodermic administration. They rarely produce nausea or vom- 
iting if they are taken by mouth immediately after a heavy meal. The 
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usual dosage is 1 grain (0.065 gram) per day, in an undivided dose, to 
be given for a period of twelve days. Greater preference has 
been shown for the bismuth preparation, which has proven less toxic 
than the mercurial combination. Many claims have been made as to 
the curative effect of the double iodid of bismuth and emetin in the more 
intractable forms of entamebic dysentery. This is particularly true for 
British observers, who in recent years have reported especially brilliant 
results with this drug in the clearing of cysts from the intestinal tract. 
This latter phase of treatment will be discussed in more detail when 
consideration of the carrier state is reached. 

Mention might also be made of other synthetic combinations of emetin 
and of cephalin, for which extravagant claims have been made from 
time to time. The soluble compound, methyl-emetin sulphate was em- 
ployed in a number of cases by Wenyon and Low with apparently favor- 
able results. According to these authors, this drug might be given 
hypodermatically in daily doses as large as 2 grains (0.138 gram), which 
are less toxic in their effect than ar^ the smaller doses of emetin ordi- 
narily employed. 

Walters and Koch were likewise impressed with the results obtained 
in the use of several synthetic combinations of cephalin, citing with 
particular favor that of cephalin-iso-ajiiyl-ether-hydro-io^d. This is 
an insoluble preparation, which can be given orally in doses as high as 
1 grain (0.065 gram) three times a day without toxic results. According 
to the author’s experience, the amebicidal action of this synthetic com- 
pound is rather uncertain and cannot be depended upon in the treatment 
of chronic infections. 

A similar opinion may be exi)ressed in respect to aJeresta, a trade 
name applied to an absorption compound of the ipecac alkaloids with 
hydrated aluminum salicylate (fuller’s earth). This preparation, al- 
though widely advertised as a cure for entamebic dysentery, is not to 
be recommended in chronic cases. During periods of relapse, an ame- 
lioration of symptoms can often be noted following its use, but this 
proves to be merely temporary and rarely, if ever, curative. 

Cause of Failure of Emetin Treatment in Chronic Cases. — Based 
on analogy with other therapeutic agents, the active principles of the 
ipecac root should, in these cases, possess a value at least equal to that 
of the parent substance. Nevertheless, there can no longer be any doubt 
concerning the superior merit of ipecac over its constituent alkaloids in 
actual clinical practice. The cause of this apparent therapeutic anomaly 
has not been made altogether clear. In the author’s opinion, the most 
plausible explanation lies in the measure of concentration attained by 
the respective drugs in the blood stream after absorption. In the case 
of emetin, although absorption is rapid, yet considerable dilution is 
obtained in the circulating fluids in the body, so that by the time the 
drug reaches the disease-producing organisms within the large bowel, 
its amebicidal strength has become more or less dissipated. Ipecac, on 
the other hand, when administered in the form of enteric coated pills, 
escapes absorption until the large bowel is reached. During the process 
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of absorption in this region, the drug is brought into intimate contact 
with the pathogenic organisms, lying buried for the most part within 
the tissues of the bowel wall. More complete destruction of the in- 
fectious organisms is thus brought about than is possible through the 
indirect route afforded by the blood stream. Various other theories 
have been advanced from time to time to explain the apparent discrep- 
ancy in the pesults of treatment obtained with the two drugs. It has 
been held by some that the particular difficulty experienced in the treat- 
ment of chronic cases with emetin arises from the faet that, although 
this drug circulates freely in the blood, it fails to reach the infectious 
organisms, due to a fibrous state of the tissues surrounding the older 
ulcerations. It has likewise been urged that a thrombosed condition of 
the vessels leading to the site of the lesions might possibly interfere 
with the free circulation of the drug in the disease-bearing areas. A 
further suggestion has been made that in some cases strains of amebae 
may be present which are able to resist the destructive effect of emetin. 
This resistance on the part of th^ organisms, it is thought, might be 
produced by small and inadequate doses, especially if administered over 
a prolonged period. 

Treatment op Acute and Subacltte Entamebic Dysentery 

The treatment of the acute stage of entamebic dysentery conforms 
in many respects to the general line of treatment employed in acute 
bacillary dysentery. The patient should be placed in bed, preferably 
under the care of a competent nurse. The diet in the beginning is to 
be restricted solely to liquids, such as broths or strained soups, tea, whey 
and albumin water. Even milk is contra-indicated during the earlier 
stages, since its high protein content tends toward further disturbance 
of the intestinal functions. All substances are best administered hot 
and in small quantities. 

A saline purge is usually needed in the beginning, in ordei to rid 
the upx>er intestinal tract of retained masses of feces. This may be 
repeated in small doses from time to time, so as to insure a continual 
drainage of the intestinal contents from above downward. Some form 
of opiate is indicated as a rule, and should be given in sufficient quantity 
to control pain and afford mental relaxation to the patient. Too large 
a dosage, on the other hand tends to paralyze the bowel musculature, 
and otherwise produces a harmful effect by checking the secretions of 
the body. Morphin is to be X)referred to other opiates, and should always 
be given hypodermatically in small and frequently repeated doses, until 
the desired effect is obtained. Considerable relief is also afforded, by the 
use of hot, moist compresses to the abdominal wall. As soon as the 
presence of the pathogenic entamebce has been confirmed by stool exam- 
ination, no time should be lost in administering emetin hydrochlorid 
subcutaneously. In very acute cases, the drug can be injected directly 
into the vein, in doses not exceeding grain (0.0324 gram) at a time. 
This may be repeated within six hours, should the urgency of the case 



TREATMENT 


331 


demand. In less severe cases, the subcutaneous method will suffice, the 
dose ranging from 1 to 1% grains (0.065 to 0.097 gram) over a period 
of from twelve to twenty-four hours. Any dosage in excess of this is 
rarely justifiable. The prompt response to emetin exhibited by practi- 
cally all acute cases of entamebic dysentery affords a striking example 
of the specific quality of the drug. In probably no other disease are 
the symptoms controlled with such marked rapidity and effectiveness. 
Within a space of from one to two hours or, at most, from three to four 
hours, a pr()mj)t subsidence of the more acute manifestations is noted, 
as a rule, affecting not only the frequency and character of the evacua- 
tions, but the tenesmus and other abdominal disturbances as well. The 
relief of distressful symptoms should not be taken as an indication for 
the discontinuance of the drug, since it is now recognized that relapses 
are apt to occur at a very early date, unless full doses are employed, 
covering a period of at least a week or ten days. During convalescence, 
careful search of the stools should be made for vegetative, as well as for 
encysted organisms. No ease should be considered as cured until re- 
peated examinations of the feces have failed to reveal the presence of 
the infectious organisms. In most instances cysts will be found in the 
stools after recovery, and the patient then becomes a convalescent carrier 
with the probability of a recurrence of acute symptoms at a subsequent 
period. 


Treatment op Chronic Entamebic Dysentery 

In the treatment of entamebic dysentery, a clear distinction must 
be made between the relief of clinical symptoms and the complete re- 
moval of the infection from the tissues. The lull which follows in thef 
wake of the stormy period of an acute or subacute relai)se, in nearly 
every instance, signifies the conversion of the pathogenic organisms from 
the histolytica stage to the less active ictragena or mimita stage. While 
emetin proves to be of great value in the acute or subacute relapses of 
the disease, it is not to be depended upon for clearing the intestinal tract 
of a persistent infection. For this purpose, recourse must be had to 
the powdered ipecac root, administered in full dosage and at regularly 
repeated intervals. The old objection to the employment of ipecac, on 
account of its nauseous qualities, has unfortunately still not been en- 
tirely disposed of. Ncveiiheless, these slight bedside disadvantages are 
more than counterbalanced by the highly specific value of the crude drug. 

Method of Administering the Powdered Ipecac Root in the Form of 
Enteric Coated Pills. — The carrying out of this method of treatment 
on a successful basis depends to a great extent upon a strict observance 
of details. A general outline of the proposed i>lan of treatment should, 
first of all, be conveyed to the patient in order to secure his full coopera- 
tion and acquiescence. Complete rest in bed is essential throughout 
the entire course of treatment, which rarely covers a period of over 
two weeks. The patient should not even be allowed to visit the toilet, 
a bed-pan or commode being provided for his convenience. At the 
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outset, it is customary to administer a simple Icbxaivve, preferably one 
ounce of castor oil, in order to rid the intestinal tract of accumulated 
food debris. During the first week of treatment, the diet should be 
restricted entirely to liquid substances, such as broths, strained soups, 
tea, coffee, albumin water and nutrient alcoholic preparations. Milk 
may be added to this list after five or six days. No solid food sub- 
stances should be allowed during the entire period of the administration 
of the pills. The main object of these stringent dietary restrictions is the 
exclusion of all impediments to the ready passage of the pills into the 
large bowel. 

In the compounding of the pills, special care is necessary, and the 
process should not be entrusted entirely to the uncertain knowledge or 
skill of the pharmacist. A good quality of ipecac should be provided, 
containing, if possible, full alkaloidal strength in accordance with the 
requirements of the U. S. P. Since the Rio ipecac possesses the highest 
assay of alkaloids, it is considered preferable to the Carthagena variety. 
The pills are dispensed in 5 grain (0.324 gram) quantities, after which 
they are immersed in a bath of melted salol. Skill is required in obtaining 
a coating of proper thickness for each pill, which, under ordinary cir- 
cumstances, should not exceed one-eighth of an inch. In order to prevent 
caking and cracking of the salol coating, it is recommended that the 
pills be freshly prepared for each case, in lots not exceeding one hundred 
at a time. 

It has been found best to administer the pills at night when the 
patient is about ready for sleep. Under no circumstances should the 
dose be divided into smaller lots for use at different intervals of the 
day, as has been recommended in some quarters. This defeats one of 
the main essentials in the treatment, which aims at a concentration of 
the full effects of the drug at one stated period within each twenty-four 
hours. For this purpose, at least 10 pills must be employed as a dose, 
although this may be increased to 15, according to the individual re- 
quirements of the case. It is advisable to discontinue all nourishment 
two or three hours before the administration of the pills, and the patient 
should be urged to fall asleep as promptly as possible after their in- 
gestion. 

A slight attack of nausea and vomiting may occur during the early 
morning hours, but is readily overcome by the application of ice cloths 
to the neck, and by other simple measures. In the case of some indi- 
viduals, the drug produces considerable emesis. This may be caused by a 
lack of sufficient coating of the pills, a deficiency which can be easily 
corrected ; or there may be a definite idiosyncrasy on the part of the 
patient to the drug. The latter condition is a difficult one to deal with, 
and recourse must be finally had, in some cases, to other plans of treat- 
ment, although fortunately this is rarely necessary. Opium will be 
found to be a valuable adjunct to the treatment when severe vomiting is 
present. From 10 to 20 drops of the tincture of opium may be given 
one-half hour prior to the administration of the pills, or morphin may 
be employed hypodermatically in from % to ^>4 &rain (0.008 to 0.016 
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gram) doses, which is equally as effective. Phillips recommends the in- 
corporation of tannic acid in the pill mass — from % to 1 grain (0.0324 
to 0.065 gram) to each pill — as a useful measure to control nausea and 
vomiting. The author has found this plan to be an admirable one in 
a number of instances. 

The full course of treatment includes the retention of at least 100 
pills, equivalent to 500 grains (32.5 grams) of the powdered root. Since 
in some cases a number of pills are passed undissolved in the stools, a 
chart should be kept, indicating the exact amount of ipecac retained 
during each day of the treatment. The following style of chart has 
been found useful for this purpose ; 


Date 

Pills 

Adiiiin- 

istennl 

Each 

Day 

Total 

Pills 

Taken 

Pills 

Passed 

Each 

Day 

Total 

Pills 

Passed 

Total 

Pills 

Re- 

tained 

Clinical Notes 

Oct. 1 . . . . 

10 

10 


0 

10 


Oct. 2 ... 

14 

24 

■ 

1 

23 

Slight emesis in early 
morning hours 

Oct. 3. . . 

14 

38 

5 

6 

32 

Considerable discomfort 
during night from nausea 

Oct. 4 

15 

53 

4 


43 

Several salol shells 
noted in the stool 

Oct. 5 

15 

68 

2 

12 

i 56 


Oct. 6 . . . . 

15 

83 


17 

66 

Three salol shells 
passed 

Oct. 7 . . . 

13 

96 


25 

71 


Oct. 8 

15 

111 

0 

25 

80 

Pills punctured 

Oct. 9 

15 

126 

3 

28 

98 

Pills punctured 
Considerable emesis 

Oct. 10 

10 

136 

0 

28 

108 










The presence of 2 or S pills in the passages during each twenty-four- 
hour period may be disregarded. Should a larger number than this 
escape without dissolving, the success of the treatment becomes impaired, 
since,- as stated previously, the efficacy of the drug is measured almost 
entirely by the concentration of its full strength within the large bowel. 
The enteric coating affords protection against the absorption of the 
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ipecac in the stomach and small intestine. The pills readily traverse 
this portion of the -digestive tract, which has previously been rendered 
free of bulky fecal matter, and reach the large bowel approximately 
within six hours after their ingestion. It is then that the enteric layer 
is entirely dissolved away, preparatory to the solution of the ipecac mass 
itself, which finally brings the drug into intimate contact with the 
disease-bearing areas in the bowel. At least 50 grains (3.25 grams) of 
the drug should thus be brought into play at one definite period during 
the twenty-four hours, so as to insure the needed measure of concentra- 
tion for the destruction of the organisms. 

Several plans have been considered in connection with the passage 
of excessive numbers of the pills from day to day. While a reduction 
in the amount of the salol coating will i)rove sufficient, in some cases, to 
overcome this difficulty, the piercing of the outer coating with a sharp- 
pointed surgical needle has proved, in the author’s experience, to be 
the most effective measure. By this means the alkaline intestinal secre- 
tions are enabled to penetrate beneath the salol shell, thus bringing about 
more certain disintegration of the pill mass. 

A further difficulty met with in the course of treatment arises from 
a disinclination on the part of some patients to swallow large numbers 
of pills at one period. In such instances, a trial may be made of the 
duc^enal intubation method as suggested by Beck. The tube may be 
introduced at night at the hour usually employed for the administration 
of the pills, after which the drug may be instilled directly into the 
duodenum, either in the form of the fluid extract — from 1 to 2 ounces 
(30 to 59.2 c.c.) — or as a suspension of the powdered root in water, in 
amounts as high as from 30 to 60 grains (1.95 to 3.9 grams). Both 
procedures are commonly followed by a considerable amount of retch- 
ing, and therefore the plan is not to be recommended unless strong 
persuasion has failed to overcome the patient’s aversion to pills. 

Other Methods op Treatment 

In a disease having such a widespread distribution and occurrence as 
has entamebic dysentery, and especially one which presents such protean 
clinical manifestations, complete accord in respect to treatment is hardly 
to be expected. In some quarters, the specific action of ipecac upon 
the course of the disease is still questioned, and other methods of treat- 
ment have been substituted, for which equal and even superior results 
have been claimed. A brief discussion of some of these measures will be 
undertaken, although no attempt will be made to enter into a full de- 
scription of their respective merits or deficiencies. 

Irrigations of the Large Bowel. — Flushing of the large bowel 
with various antiseptic preparations has always occupied a prominent 
place in the minds of clinicians as a cure for all forms of dysentery. In 
an entamebic infection of the bowel, the main purpose sought is the 
destruction of the pathogenic organisms. This, some believe, may be 
accomplished by bringing various chemical agents, held in solution, in 
contact with the organisms within the lumen of the bowel. Among the 
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many substances which have been employed in this manner, the following 
stand out most prominently; quinin sulphate; formalin; copper 
sulphate; potassium permanganate; silver nitrate; hydrogen peroxid; 
thymol; coal oil and others. Even ice water irrigations were recom- 
mended at one time by Tuttle, w^ho believed that the Eniameba histo- 
lytica could be readily destroyed within the bowel by immersion in ice 
cold solutions. 

The chief virtue of intestinal irrigations lies in the cleansing of the 
lower bowel of retained mucus and inflammatory debris, which might 
otherwise interfere with healing. The major lesions of entamebic dysen- 
tery are buried beneath the mucosa, and the specific organisms are mostly 
out of reach of antiseptic solutions, regardless of the potency of these 
substances outside the body. This procedure is therefore largely pallia- 
tive and should in no sense be considered curative. It is best to avoid the 
use of medicated solutions in the lower bowel during the period of 
treatment with ipecac, since this may interfere to a considerable extent 
with the solution and absorption of the drug. When once complete 
destruction of the organisms has been achieved by a course of specific 
medication, irrigations of the lower bowel with mild astringent solutions 
may be useful in assisting in the healing of the inflamed mucosa. 

Bismuth Subnitrate. — The introduction of this drug as a specific 
remedy in the treatment of entamebic dysentery is to be credited to 
Decks. While insoluble preparations of bismuth have been used since 
an early period in clinical medicine to control diarrheal conditions, Decks 
was the first to claim a special virtue for this drug in entamebic infec- 
tions of the intestinal tract. The ratiomde of its use has not been made 
altogether clear. It was thought at first that the bismuth acted upon 
the pathogenic entarnebap as a direct poison. This was disproved, how- 
ever, by Darling, who claimed that he was able to raise cultures of the 
free-living ameba on media, heavily impregnated with insoluble bismuth 
salts. Mix has offered the suggestion that the destruction of the ent- 
ameba may be due to the fact that bismuth subnitrate in large doses 
takes up sulphur as fast as it is formed in the intestinal tract. This 
causes a decrease in the amount of nascent hydrogen sulphid, which ex- 
periments have indicated to be essential to the life of the organisms. 

While doubt may be cast upon these various hypotheses, no question 
exists, according to James, as to the destruction of the entameba, which 
is accomplished by the free use of bismuth subnitrate. In order to obtain 
the full effects, the drug must be administered in very large doses. 
A heaping teaspoonful is to be given every three or four hours during 
the day, and this dosage is maintained over a period of from one to 
two weeks, or until the stools become thoroughly formed. 

James claims that with this dosage the organisms are rarely found 
in the stools after the second day of treatment. This therapeutic meas- 
ure may commend itself in those rare instances in which ipecac is not 
tolerated by the patient, but in the author’s opinion it should not be 
depended upon for the routine treatment of entamebic dysentery. 

Chapparo Amargoso. — The first mention made of this dru . for the 
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treatment of dysentery was by Putegnat, of Brownsville, Texas, in 1883. 
A few years later, J. W. Nixon, of Gonzales, Texas, published an article 
advocating the use of the drug, especially in cases of entamebic infection 
of the bowel. Subsequently, a number of other observers, including H. 
A. West, W. J. Crittenden and P. I. Nixon, reported excellent clinical 
results following the administration of this therapeutic agent in many 
cases of entamebic dysentery. 

In recent times, attempts have been made to demonstrate the amebi- 
cidal action of Chapparo amargoso in an experimental way. The results 
obtained did not, however, prove very convincing. According to P. I. 
Nixon, the drug is not indicated in ordinary diarrhea, and is probably 
without action in other parasitic intestinal infections. 

Chapparo amargoso is a small, thorny bush, which grows without 
cultivation on dry, rocky soils. Its distribution is limited for the most 
part to the hilly sections of southwest Texas and northern Mexico. The 
medicinal properties are obtained from all parts of the plant. All 
efforts to extract an active principle have, up to the present, failed. 
Nixon believes that the therapeutic action depends upon either an alka- 
loid or a glucosid, and has carried on experiments to prove that the 
large amount of tannin contained in the plant constitutes a negligible 
element. 

The drug may be employe<i either in the form of an infusion or as a 
fluid extract. The latter preparation has been marketed, and is the one 
most generally employed. Both preparations are intensely bitter, but 
no untoward symptoms, such as nausea and vomiting, follow the oral 
administration. Even large doses are without detrimental effect upon 
the human organism. 

The infusion is administered in doses of from 6 to 8 ounces (178 
to 236 c.c.) three times a day, preferably before meals. This is con- 
tinued over an indefinite period or until the patient has been relieved 
of all symptoms. Since the drug has a tendency to produce constipa- 
tion, it has been found best to administer salines at periods of from 
three to four days. Rectal injections of the infusion are also recom- 
mended in conjunction with the a<lministration of the drug by mouth. 
The fluid extract may be employed in doses of 1 or 2 teaspoonfuls, like- 
wise before meals, three times a day. 

The use of the drug has been confined, for the most part, to certain 
regions of Texas, where entamebic dy.sentery prevails extensively. Iso- 
lated references are, however, found in the literature from other sources. 

Shepherd and Lillie treated 81 Entameba histolytica carriers in 
England with Chapparo amargoso, and reported 34 as successfully cured 
by its use. Sellards and Mclver, in this country, have likewise reported 
success with an aqueous preparation of the dry plant, in a number of 
cases. These authors found that headache and malaise sometimes follow 
the use of the drug in large doses. 

Salvarsan and Neosalvarsan. — In recent years, success has been 
reported by several observers with the use of salvarsan and neosalvarsan 
in the treatment of obstinate cases of entamebic dysentery. O. J. Mink, 
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for example, records a case occurring in his experience in Nicaragua, 
which had resisted all forms of treatment, including even the flushing of 
the bowel, through an appendicostomy opening. This patient received 
1 grain (0.065 gram) of salvarsan intravenously, and within ten days 
complete recovery from the entamebic infection was confirmed by stool 
examination. Revaut and Krolunitzky have reported similar favorable 
results with this drug. These authors recommended intravenous in- 
jections of 5 grains (0.3 gram), to be repeated every third day 
until 10 injections in all have been given. Mention is also made of the 
success which attended the treatment of chronic cases with salvarsan 
administered orally in capsules, each containing % grain (0.05 gram) of 
the drug. Rectal injections of both salvarsan and neosalvarsan have 
also been administered by Calame and others with satisfactory results. 
In discussing the incidence of intestinal spirochetes in the Philippines, 
Crowell and Ilaughwaut have called attention to the association of these 
organisms with the Entameha histolytica, in certain cases of entamebic 
dysentery. The difficulty experienced at times in bringing about a cure 
in entamebic infections is thought by these authors to be due to a 
possible cross infection with spirochetal organisms. The success of 
the salvarsan treatment may be explained on this basis. The author 
has had no personal experience with these drugs in the treatment of 
entamebic infections. 

Adrenalin. — According to Bayma, the use of adrenalin is indicated 
in all cases of entamebic dysentery, whether acute or chronic. The drug 
may be administered either orally, or by way of the rectum. From 10 to 
20 drops of a 1 to 1,000 solution may be given by mouth every two hours 
without harmful effect. Bayma finds that prompt relief of clinical 
symptoms follows the use of the drug in this manner, and that within 
a few days the stools are freed of vegetative and encysted organisms. 
Daily enemas of the drug were also successful (two liters of normal 
saline in 1 to 1,000,000 or 1 to 1,500,000 strength). This treatment has 
likewise been strongly recommended by Von Groeer. In connection with 
the success claimed for this method of treatment, Reralinger and Dumas 
call attention to the presence of the suprarenal syndrome in many 
cases of chronic, prolonged dysentery. This syndrome is attended by 
sunken eyes, a pinched nose, bluish discoloration of the skin, emaciation, 
frequent thready pulse, dry tongue, extreme thirst, nausea and vomiting, 
along with abundant and liquid stools. These symptoms can all be traced 
to a deficiency of the adrenal secretion, which in itself is the result 
of chronic changes in the glandular structure incidental to a prolonged 
infection. In cases showing marked improvement following the admin- 
istration of adrenalin, cross infection with organisms of the Bacillus 
dysenteric^ group is to be assumed, since the Entameha histolytica is not 
known to produce such high-grad^ morbid changes in the suprarenal 
tissues. 
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Treatment op the Carrier State 

Attempts have been made in more recent times to place the treat- 
ment of cyst carriers in a separate category from that of the chronic 
infections with the vegetative organisms. This classification is a purely 
hypothetical one, since the carrier condition, after all, merely represents 
a quiescent stage of the disease without involving any diflPerence in the 
character of the infection. As Wenyon correctly intimates, acute 
cases differ from the carrier cases only in degree, for between the attacks 
of dysentery, the acute cases are actually in the carrier condition, passing 
amebaj and cysts, which are indistinguishable from those passed by the 
carriers who have, perhaps, never had an attack of dysentery.’^ The 
carriers, as has been stated previously, exhibit some ulceration of the 
intestine, although it is of a low-grade type and insufficient to produce 
symptoms. The vegetative entamebie are therefore present in the in- 
testinal wall and constitute the source from which the cysts are derived. 
The cysts occupy a position similar to that of the ova present in the 
stools as a result of infection with intestinal worms. There would be as 
much justification for attempting to destroy the ova in such infections, 
as there is for employing a special mode of treatment for the cysts in 
eiitamebic infections. This explanation is necessary, since in the minds 
of some the treatment of the cyst-bearers of protozoal diseases demands 
a special plan. Interest in this subject has been stimulated in recent 
years on account of the return of numerous carriers to P]ngland and to 
other European countries from the various theaters of war situated 
within the tropics. Emetin has been found to be of little value in clear- 
ing the stools of cysts. Many of the British observers have reported 
great success in the treatment of the carrier state with the double iodid 
of bismuth and emetin. It is not probable that this remedy possesses 
any special virtue in eiitamebic infections, entitling it to the fulsome 
praise which it has recently received. 

The same methods should be used in the treatment of the carrier 
as have proved successful in tlie treatment of all chronic infections witl> 
the organism. This includes the administration of ipecac in massive 
doses, according to the detailed plan outlined above. 


PROGNOSIS 

The prognosis is upon the whole exceedingly favorable, especially in 
the absence of complications. In a former day, before the institution 
of specific treatment in the disease, the outlook proved to be considerably 
less hopeful. Among 78 cases collected by Harris, for example, in the 
early nineties, as many as 30 deaths were recorded. Again, in the 
Johns Hopkins series of cases mentioned by Strong, the mortality was 
28 out of 119 cases, or approximately 23 per cent. Contrasted with this, 
Strong himself observed only 12 deaths among 200 carefully treated 
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cases, and later, Tuttle met with only 3 fatal cases out of 73 handled 
by him. 

The fatality of the disease depends to a great extent upon the period 
at which the patients come under observation and the thoroughness 
with which specific treatment is carried out. Since the reintroduction 
of ipecacuanha, a great reduction in the mortality has unquestionably 
been achieved. In the acute stages, the use of emetin by subcutaneous 
injection, or intravenously, has proved of the greatest value in saving 
lives that otherwise would have been lost. 

The chances of recovery are lessened by the presence of complica- 
tions such as hepatic or cerebral abscess. The prognosis of these condi- 
tions has already been considered. 

In the tropics, the natives suffer more severely from the disease than 
do foreign residents, because of unsanitary conditions usually present 
in the (iuai*ters occupied by the natives. The death rate is likewise 
higher in heavily infected regions, where the viruleney of the organism 
is undoubtedly increased by the rapid passage from host to host. 

Such a condition is met with, for example, in India, where Rogers 
found the mortality rate as high as 43.3 per cent, among 30 cases, even 
in the absence of complications in other organs. 

The age and physical condition of the patient at the time of infection 
are to some extent determining factors in the outcome. Weak, debili- 
tated subjects, and especially those suffering from advanced arterial 
or cardiac lesions, are particularly prone to succumb, unless treatment 
is undertaken at an early stage. 


PATHOLOGY 

Tissue-invasive Power of the Pathogenic Entameba. — The basis for 
the development of the pathological lesions of entamebic dysentery de- 
pends upon the tissue-invasive power of the Entameba histalyiica. This 
organism, by means of its dense and sharp-pointed pseudopodia, is able 
to force a passageway through the intercellular spaces of the bowel 
wall, with comparative ease. In contrast to this, the relatively blunt 
and inactive pseudopodia of the Entameba coli and Entameba nana 
render it impossible for these organisms to penetrate the tissues. The 
original mode of entrance of the pathogenic entameba into the tissues 
occurs through mechanical means rather than by the aid of a special 
cytolysin. It is probable that some slight trauma to the surface epi- 
thelium forms the basis for the initial entrance of the organisms into 
the tissues. Once having gained admittance, the plastic nature of the 
cytoplasm permits the organism to wedge its way further into the deeper 
layers of the bowel vMall. Whether the necrosis that follows is the result 
of a special cytolitic ferment or merely represents a reaction on the 
part of the body cells to the normal catabolic processes of the parasite 
constitutes a problem as yet unsolved. Haughwout believes that too 
much attention has been paid in the past to the action of the protozoal 
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parasite upon its host, and that the importance of the cellular reaction 
of the host to the presence of the organism has been entirely overlooked. 
Until cultivation of the Entameha histolytica has been successfully .ac- 
complished, the occurrence of specific toxins and ferments, as a result 
of the activity of the organism, must stand upon purely speculative 
grounds. 

The Fundamental Histopathology of Entamebic Dysentery. — In the 

absence of definite experimental proof, it may be assumed that the 
presence of the Entameba histolytica within the tissues gives rise to 
some low-grade cytolitic toxin. Tliis serves to stimulate the growth of 
the submucosal endothelial cells. This endothelial proliferation repre- 
sents the essential host reaction to the organism and constitutes the 
fundamental and primary pathological lesion of the disease. The dense* 
aggregation of these cells within a given focus cuts off nutrition, thus 
causing eventual necrosis of tissue. An exudation of leukocytes follows 
in the wake of the necrotic process and produces a further degree of 
compression of the involved areas. The disintegration of these exuda- 
tive cells liberates a proteolitic ferment, which, in turn, brings, about 
liquefaction. At this stage, a confluence of the microscoinc lesions re- 
sults in the formation of minute nodules which eventually become visible 
on the inner surface of the bowel. The smaller nodules gradually merge 
into larger forms, some of which reach the size of an English walnut. 
Microscopic section through these nodular swellings shows massed in- 
filtration with endothelial cells, lymphocytes and neutrophilic leukocytes. 
These cells are all undergoing degenerative changes and are surrounded 
by a serous exudate, which not infrequently contains red blood-cells. 

Vegetative and encysted forms of entameba3 will often be found 
along the outer borders of the nodules. As liquefaction proceeds, the 
nodule becomes capped with a characteristic yellow gelatinous material. 
The margins remain highly injected and red. Further necrosis of tissue 
results in the formation of open ulcers which may eventually retract, 
producing distinct umbilication. The irregular elevations on the inner 
surface of the bowel with yellow sloughs and incrustations give the 
appearance of foreign bodies which are referred to at times as “boutons 
de chemise.’^ The break in the continuity of the mucosa overlying the 
lesions permits the entrance of numerous bacteria normally present in 
the intestinal flora. It is to be doubted whether bacteria enter into the 
pathology of the disease up to the time when abrasion of the mucous 
surface occurs. The comparatively small number of bacteria which 
might follow directly in the train of the invading organism are most 
probably promptly killed off by the tissue-cells. When once cross infec- 
tion takes place, the intestinal bacteria undoubtedly play a most impor- 
tant role in the subsequent pathology of the malady. The true lesions 
of entamebiasis are regenerative rather than inflammatory. When an 
inflammatory factor is added to the pathological process, greater hyper- 
plasia of connective-tissue cells results, with consequent thickening of 
the bowel wall, and particularly of its inner tunics. Further and more 
extensive ulceration likewise occurs as a result of bacterial invasion. 
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The soft gelatinous material of the original entamebic lesion, it should 
be remembered, is not to be considered as pus. The conversion of this 
substance into purulent material is the result solely of secondary in- 
fection with bacterial organisms. 

Gross Pathology. — In advanced, chronic cases of entamebic dysentery 
which come to autopsy, the large bowel presents an unusually diversi- 
fied appearance. All steps in the pathological process of the disease 
are represented, as a rule, from the initial minute nodular lesions situ- 
ated in the submucosa and mucosa, through various stages to the 
development finally of large patches of deep-seated ulcerations and 
sloughing, which are characteristic of the later periods. The affected 
portions of the gut appear for the most part to be thickened and nodu- 
lated, and section through these areas discloses a great increase in the 
reparatory connective-tissue, along with inflammatory edema. The 
earliest gjoss change which becomes visible to the naked eye is a small 
circumscribed elevation, usually along the folds of the mucosa. As 
necrosis proceeds, the summit of these small elevations becomes capped 
with a yellowish crater. Umbilication eventually occurs, and finally 
complete disintegration with the formation of an open ulcer. The small 
ulcer of the original lesion gradually enlarges by an undermining and 
sloughing of the edges and center. Exposing the entire inner surface of 
the bowel wall, ulcers in various stages of development are brought 
into view, along with numerous bulbous swellings. These swellings 
appear as hemispherical elevations on the mucosa and are often covered 
with an unabraded yellow gelatinous substance. Upon seel ion, deeply 
buried nests of necrotic tissue are found undergoing disintegration, 
especially at the center. 

The ulcerations vary considerably, both in size and in form. Some 
of the earlier ulcers are no larger than a pin-head, and represent mere 
surface denudations. These are, however, not as characteristic of the dis- 
ease i)roeess as are the smaller ulcers, which dip down into the submucosa 
and serve as fistulous openings for the discharge of accumulated col- 
lections of pus and debris. The larger ulcers, likewise, often communi- 
cate freely through irregular channels in the submucosa, with similar 
lesions separated by a considerable distance. Although the intervening 
mucous membrane often remains completely intact, section through it 
reveals an extensive degree of tunneling within the submucosa. These 
spans of mucosal bridges, so to speak, hiding from view major pathologi- 
cal lesions beneath the mucous surface, constitute the most characteristic 
feature of the morbid anatomy of the disease. Entamebic ulcerations 
are typically irregular in form. As a result of the disproportionate 
excavations of the submucosa, the ulcers present ragged, overhanging 
and depressed margins. In the earlier lesions, the edges may, however, 
be raised above the surface of the mucous membrane. The base of the 
ulcers is undermined and is covered, as a rule, with a tenacious mucoid 
material. During a subsequent period, the sloughs are thrown off, pro- 
ducing a punched-out appearance with clean, smooth, fibrous edges 
and bases. 



Fjg. 9. — ^Portions of Colon Showing Entamebic Ulceration. (From G. B. 
Bartlett, ‘'Pathology of Dyscmtery in the Mediterranean Expeditionary Force, 
1915,’^ Quarterly Journal of Medicine, 1916-1917, x, 185-244.) 

A. Portion of colon showing thick-set acute entamebic ulcers and confluent acute 
entamebic ulceration (W. T. Shiells). From a portion of descending colon. The 
drawing shows numerous small ulcers; these show as pits with a raised margin. The 
letter is placed beneath a typical “bouton de chemise “ ulcer. By the con- 

fluence of these small lesions an ulcer of the typo above letter “b“ is produced. 
The whole of this ulcer stands out from the level of the mucous membrane of the 
gut, and in the ulcer is a ragged, yellow debris, which frequently has a pitted or 
honeycornVjcd appearance. Some of the ulcers tend to spread transversely. Vege- 
tative entamebaj were readily found in all these ulcers. 

B. Portion of colon showing isolated group of entamebic ulcers, from the de- 
scending colon. The drawing shows that the mucous membrane of the colon, 
apart from the group of amebic lesions, is intact. The group of ulcers is prominent; 
it appears to stand up from the level of the mucous membrane. The ulcers contain 
the typical yellow, necrotic <16bris which indicates that entameba? are present. There 
is a small slit-shaped ulcer on the summit of one of the rugm. 

C. Portion of colon showing confluent entamebic ulceration, from descending 
colon. The drawing shows deep, clean-based ulcers alternating with islands and 
bridges of mucous membranes. Tags of mucous membrane are left hanging into 
the lumen of the gut. There is a great deal of undermining of the mucous mem- 
brane, and a bristle has been passed beneath one bridge of mucous membrane. 
The general direction of the ulcers is transverse, and the muscle coat can be seen 
in the bases of the ulcers. Entameba* were not found in these advanced lesions, but 
they were present in the smaller lesions of this intestine. 
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Location op the Lesions. — The initial site of infection in the large 
bowel varies considerably, but the most common location is undoubtedly 
at the flexures or more narrowed segments of the gut. Slight trauma 
to the mucosa probably plays some part in determining the location 
of the earlier lesions. When once the organisms have penetrated the 
tissues, extension of the morbid processes takes place more readily in 
the direction of the peristaltic movements of the bowel. The compara- 
tively sluggish entamebse travel willy-nilly astride the fecal current, 
but cannot swim against it. This probably explains the extreme rarity 
of lesions in the small intestine, even in the segment immediately distal 
to the ileocecal valve. The fact that the terminal ileum esea])es infection 
in nearly all instances is all the more notable in view of the frequent 
proximity of the most advanced types of lesion in the cecum. Primary 
involvement of the small bowel has never been known to occur. For 
reasons not altogether clear, the liberation of the young ameba from the 
cyst in the intestinal tract of the new host is unattended with harm until 
the confines of the large gut are reached. 

According to the records of most observers, the entire length of 
the large bowel is affected in over 50 per cent, of cases that come to 
autoi)sy. Rogers found, in the course of his twelve years’ experience with 
the disease in Calcutta, that the most advanced lesions appeared in the 
cecum and ascending colon. Harris believes, on the other hand, that 
the most intense localization is usually to be found in the descending 
colon and sigmoid. Strong is probably correct when he states that no 
segment of the large intestine is predisposed to the invasion of the 
organisms, and likewise that the lesions are distributed on an average 
equally over all parts of the large gut. In cats and other lower animals 
the morbid disturbances are confined almost entirely to the rectum and 
sigmoid. 

Healing. — The initial stage in the healing of the entamebic ulcera- 
tion of the bowel is attended by the formation of minute granulations 
which appear first at the base of the ulcer and extend gradually to the 
mucosal edges. The organization of the granulation tissue proceeds 
slowly, as a rule, but eventually brings about complete reparation of 
the destroyed areas. During the reparatory process, the ulcers lose 
their sloughs and, at a later stage, present a smooth-floored, clean ap- 
pearance. Healing is seldom uniform in the ulcerated areas, and as 
a consequence, patches of completely restored tissue are found to alter- 
nate with segments of the bowel wall which are still undergoing disinte- 
gration. The permanency of the new granulation tissue depends upon 
the destruction of the tissue-invading organisms. When a cure of the 
infection is obtained, healing proceeds rapidly, as a rule, along the entire 
bowel. Puckering may be noted at times in the scar tissue of extensively 
ulcerated patches. Actual fibrosis or stricture is, however, rare in the 
case of entamebic ulcers. Pigmentation is not uncommonly observed 
in healed and cicatrized areas, and especially in the neighborhood of 
the older and more advanced lesions. 

Pathological Aspect op Perpobation. — ^Perforation of the bowel 
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wall in entamebic dysentery is always the result of an extension of the 
ulcerative process into and beyond the muscular tunic. In fulminating 
cases, even though a tendency to gangrene exists, the bowel wall often 
becomes softened to a dangerous degree, but rarely perforates. This 
phenomenon is confined almost exclusively to chronic cases with slowly 
progressing ulceration extending into the deeper layers of the gut wall 
Fortunately, in most cases in which perforation occurs, a previous 
walling off of the threatened areas by peritoneal exudation serves to 
prevent involvement of the general peritoneal cavity. When perfora- 
tion takes place into a walled-off pocket within the abdomen, secondary 
infection occui*s, due to the spilling of intestinal contents, resulting in 
the formation of an abscess. Such an abscess is usually located behind 
the colon (postcolie abscess). The misleading clinical features of this 
condition have been considered in a previous chapter. 

In rare instances, a chronic and insidious form of peritonitis 
develops as a result of prolonged entamebic infection of the bowel wall. 
Kogers relates an unusual ease of this type occurring within his 
experience, which subsequently produced fatal strangulation of the 
small intestine. 

Postmortem Findings in Other Organs. — Apart from the charac- 
teristic lesions in the bowel wall, little uniformity is shown in other 
organs, in those cases which come to autopsy. When the abdomen is 
opened, a slight excess of peritoneal fluid is found, as a rule, along 
with a conspicuous dilatation of the subserous and mesenteric veins, 
leading from the disease areas in the colon. Enlarged mesentery glands 
are also commonly present. Smears of blood taken from the dilated 
veins and hypertrophied glands along the colon not infrequently show 
examples of typical regenerative Enia\meha histolytica. The visceral 
organs exhibit a general tendency to toxic degeneration with diffuse 
capillary hemorrhage. This is particularly marked in the kidneys and 
adrenals. The heart-muscle is, in most instances, atrophied with a 
moderate degree of fatty degeneration. The commonest change noted in 
the liver is a cloudy swelling or fatty degeneration of the parenchyma- 
tous cells of the central zone. In some cases, a well-defined hepatitis 
with round-cell infiltration of the portal vessels appears. This is, of 
course, entirely apart from the typical pathological lesions, produced 
by the direct invasion of the liver by the pathogenic organisms tliem- 
selves. Moreover, it is to be doubted whether the toxins elaborated by 
the pathogenic entamebse can alone give rise to degenerative changes 
in remote organs. These changes are probably effected by bacterial 
poisons which result from cross infections with numerous strains of 
intestinal microorganisms. 
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HISTORICAL SUMMARY 

Dysentery has been known since the most remote period of time 
as an independent malady of widespread and almost universal distribu- 
tion. In the very earliest writings on medicine, references may be found 
to the disease, and the part it has played through the ages, especially in 
connection with the fatalities of army life, has left an impress on the 
historical records of practically every nation. It is only within modern 
times, however, that steps have been taken to classify the disease under 
a definite etiology. The differentiation of the old-time bloody flux, with 
its confused clinical picture and indefinite causation, into the two clearly 
defined types identified today under the names of entamebic and bacil- 
lary dysentery, has been the result of investigations entered upon only 
within the past three-quarters of a century. 

Lambl, in 1859, was in fact the first to offer the suggestion of a 
possible specific cause for dysentery. In the course of a routine ex- 
amination of the intestinal mucus removed from a child who had died 
of enteritis, he ran across an ameboid body, probably a flagellate, which 
impressed him as a possible factor in the inflammatory process. This 
observation did not create much comment at the time, and fuii;her in- 
vestigations in this direction were lacking until 1870, when Lewis and 
Cunningham independently noted the presence of ameba3 in the dejecta 
of cholera patients in India. The detailed recording of a case by Loesch 
in 1875 attracted the first universal attention to the possible relationship 
of ameba^ to dysentery. The ease reported by Loesch was that of a 
Russian, aged twenty-four, who came to Petrograd from the Province 
of Archangel in Russia, suffering from typical symptoms of acute dysen- 
tery. In the mucus and bloody evacuations of this patient, Loesch dis- 
covered amebai in large numbers. The description which he gave of 
these organisms corresponded almost in full to the morphology of the 
Entameha histolytica as it is known today. The patient died within 
four months of an intercurrent pneumonia. At autopsy, extensive ulcer- 
ations of the large bowel were found. Scrapings from the ulcers were 
inoculated into four dogs, both by mouth and by rectum. One of the 
dogs became jiarasitized within eight days and dieil on the eighteenth 
day following inoculation. The rectum of the animal was found to be 
inflamed and ulcerated in three localities, and numerous amebae were 
recovered from the depths of the uleei*s. Because of the fact that three 
of the dogs remained uninfecte<l after inoculation, Loesch did not believe 
that the araeba itself was the direct cause of the disease, but that it was 
present merely as a secondary invader. The publication of this case, 
so rich in detail, stimulated widespread interest in the possibility of the 
ameba as a causative factor in dysentery. In 1879, Grassi discovered 
aineba cysts in the stools of healthy individuals, as well as of those 
suffering from dysentery, and therefore did not consider the organisms 
as pathogenic. In 1883, the dysenteries of Egypt were closely investi- 
gated in conjunction with the study of cholera, by a commission ap- 



HISTORICAL SUMMARY 


347 


pointed by the German Government under the supervision of Robert 
Koch. Amebae were found in sections from the bases of choleric ulcers 
in 5 cases which came to autopsy. Kartulis, impressed by these findings, 
subsequently made a study of over 500 cases of dysentery in the Nile 
Valley. Amebae were found in a large proportion of these cases, and 
Kartulis became convinced of the pathogenicity of the organism. This 
author likewise succeeded in reproducing the disease in kittens by 
inoculating them with intestinal contents and with pus obtained from 
liver abscesses. These experiments were later confirmed by Hlava at 
Prague (1887) in a series of observations on cats and dogs. 

In this country, the amebae were first discovered by Osier, in 1890. 
Shortly afterward confirmation came from various sources. Within 
one year, Stengel found 3 cases of amebic dysentery in Philadelphia, 
and Musser, 4 from the same city, while Dock was able to report 12 
cases of the acute and chronic types from Galveston, the first to be 
recorded from the far South. 

At this time, considerable confusion existed in respect to the nomen- 
clature of the organism. The original designation, Ameba coU (Loesch), 
was changed by Councilman and Lafleur in 1891 to that of Ameba 
dysenterice on purely clinical grounds. The former term was retained 
for the species of non-pathogenic organisms, which these authors be- 
lieved were present at times in the intestinal tract of man and the 
lower animals. 

Quincke and Ross interested themselves principally in the question 
of the pathogenicity of the ameba, using cats as a basis for their ex- 
periments. The conclusions which they arrived at were substantially 
the same as those of Councilman and Lafleur. The whole subject of 
the classification of the organisms remained in a somewhat chaotic state 
until 1903, when Schaudinn presented his series of highly important 
observations on the morphology of pathogenic and non-pathogenic in- 
testinal amebae. Schaudinn accepted the special genus, Entameba, which 
had been previously established by Cassigrandi and Barbagallo as a 
basis for the classification of the parasitic ameb^e of man. The tissue- 
invading or pathogenic organism was designated Entameba histolytica, 
while to the non-pathogenic species, frequently found in the intestinal 
contents, the name Entamieba coli was applied. 

The fundamental principles of this classification were promptly 
accepted by practically all workers in this field. Some of Schaudinn 's 
conclusions, however, have since been found to be erroneous. The de- 
scriptions he gave of the Entameba histolytica showed that he had not 
succeeded in working out the complete life cycle of this organism. The 
incompleteness of his work was in fact the cause of much subsequent 
confusion. 

In 1906, Hartmann and Viereck described a third species of entameba 
under the name: Entameba t&tragena. Walker, in 1912, and afterwards. 
Darling, James, Craig and others were able to prove definitely that 
the Entameba ietragena was not a separate species, but represented 
merely one phase in the life cycle of Entameba histolytica. In the same 
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manner, Entameha minutd, first described by Elmaissian as a new patho- 
genic species, was found to be a part of the life history of the histolytica 
organism. In 1916, however, Wenyon discovered another distinct type 
of parasitic entameba, Entameha nana, which he found in the intestinal 
contents of many individuals in Egypt. This organism was first looked 
upon as a form of Ameha Umax, but was subsequently identified as a 
true species of entameba, of non-pathogenic properties. 
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Definition. — A disease of the large bowel caused by infection with 
the Balaritidium, coli, a protozoal organism, belonging to the order 
hetcrotricha^ of the Infusoria. The clinical course is slow and insidious 
and is characterized chiefly by alternating attacks of diarrhea and con- 
stipation. Ulceration of the colon extending into the submucosal layer 
constitutes the chief feature of the pathological process. The first case 
of infection in a human subject was recorded by Malmsten, in 1857. 

Etiology. — Predisposing Causes. — The disease is of comparatively 
rare occurrence, not over two hundred cases in all having been reported 
in the literature. It is observed most frequently in cold climates, though, 
as indicated below, under Geographical Distribution, numbers of cases 
have likewise been reported from tropical and ,subtropical regions. 

Exciting Cause: Description op the Drgkaotsm. — (a) Marphol- 
ogy. — The free forms as they appear in the stools present a striking and 
characteristic appearance, and cannot well be mistaken for other pro- 
tozoal organisms. In size, they are by far the largest of the parasitic 
jirotozoa of the intestinal tract, measuring from 70 to 200 microns in 
diameter. Some of the larger parasites may thus be detected with the 
naked eye. Under the microscope, they appear as slightly oval cells, 
the entire circumference being covered with a delicate layer of wave- 
like cilia. The ectoplasm and endoplasm are clearly distinguishable. 
The latter contains coarsely granular material, consisting of bacteria, 
fat globules and other food particles, and occasionally also red and 
white blood -corpuscles. Two contractile vacuoles are usually present, 
and an anus or cytopyge may be observed at the posterior extremity 
during the moment of expulsion of undigested food particles. The or- 
ganism possesses two nuclei of different size and shape. The first or 
larger nucleus, also known as the macronucleus, is bean-shaped, and is 
mainly concerned in reproduction; while the smaller, rounded nucleus, 
or micronucleus, exercises control over nutrition. A funnel-shaped peri- 
stome is situated at the anterior end, and serves as a mouth organ for 
the ingestion of food. The contractile vacuoles act as digestive organs. 
The cilia are arranged in longitudinal rows which cover the entire sur- 
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Fig. 1. — Balantidium Coli. (After Wenyon.) 

1. Free ciliate as it lives in human gut. m, macronucleus; n, micronucleuB; 0, 
contractile vacuoles; p, peristome; f, food particles. 

2. Encysted form containing two cilia tee. Note the double contour of cyst 
wall with absence pf contractile vacuoles and food particles. 

3. Red blood-corpuscle, to show relative size. 
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face of the cell. Their wave-like movements not only create food cur- 
rents in the direction of the peristome, but produce a certain degrrce of 
locomotion. The motility of the organism is, however, for the most part, 
sluggish. Reproduction occurs during the vegetative state by binary fis- 
sure, resulting in two fully matured daughter-cells. Under unfavorable 
environmental conditions, the organism encysts. The cysts bear a strik- 
ing resemblance to the free forms and, on account of their size and pecu- 
liar structure, are easily ditferentiated from other intestinal protozoa. 

(6) Modes of Cmiveyance . — The infection is transmitted to man 
almost entirely through food or drink, which have become contaminated 
with the encysted forms of the organism. The balantidia are normal 
inhabitants of the intestinal tract of pigs and swineherds, farm hands, 
and butchers, who are brought into close contact with these animals, are 
mostly subject to the disease. Among the 117 cases collected by Mus- 
grave, in 25 per cent, the source of infection could be traced directly 
to these animals. It is not probable that the vegetative forms serve 
at any time as infectious agents in the new host, since they are readily 
destroyed by the gastric secretion. The cysts, on the other hand, are bet- 
ter able to withstand destructive influences, and remain viable until the 
confines of the large bowel are reached. Many believe that catarrh of 
the mucous membrane of the intestine brought on by other causes always 
precedes the actual invasion of the bowel wall by the organisms. 

Experimental BaIjANTIDIasis. — Transmission of the infection to 
lower animals has been attempted by a number of observers, in most 
instances with negative results. Cassigrandi and Barbagallo carried on 
a series of experiments in healthy young cats, by injecting the feces of 
human subjects as well as of pigs, containing free and encysted balan- 
tidia, into their rectums. The organisms were also introduced per os, but 
in no instance did actual colonization occur. These authors believe that 
the parasites might be made to live in the intestine of eats if a catarrhal 
condition were produced as an initial step. Brumpt achieved a greater 
degree of success in experiments carried on by him with monkeys and 
with young suckling pigs. Infected material in this case was obtained 
from monkeys, who are known to suffer at times with a spontaneous in- 
fection with the Balantidium colL Parasitation was obtained in the case 
of six healthy monkeys, the incubation period varying from two to sev- 
enteen days. Not one of these animals subsequently developed diarrhea, 
and no lesions in the large bowel were discerned at autopsy, though 
numbers of balantidia were found in the feces. Brumpt ’s subsequent 
success in bringing about actual infection in young pigs is all the 
more notable since it is recognized that the balantidium of the pig 
rarely proves harmful to its host. The morphology of the organisms 
present in the intestinal tract of the lower animals does not differ from 
that in man, and it is therefore probable that but one species of balan- 
tidium exists.* The pathogenicity, on the other hand, may vary with 

* A second species, BcUantidvum minuteum, was described by Sehaudinn in 1899 
in a case in Berlin. One other case of this infection has been reported by Schultz, 
also from Berlin. In both instances a mild form of diarrhea was present. 
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different strains. In 1913, Walker undertook a number of experiments 
on healthy monkeys, who had previously been found free of intestinal 
infection with protozoa. The infected material was introduced into the 
monkeys either by mouth or by rectal injection, both free and encysted 
forms being employed. Twenty-two monkeys were experimented upon. 
A number of the animals became parasitized, but only a small proportion 
suffered actual infection of the bowel wall. A most important finding 
in these observations was that the parasites appeared in the stools in- 
termittently and at irregular intervals. Walker believes that each 
individual parasitized with Balantidium coli is liable sooner or later to 
develop balantidial dysentery. 

Symptomatology. — The clinical manifestations of balantidial dysen- 
tery are insidious in their onset, and the disease usually pursues a pro- 
longed chronic course. The earlier symptoms are mild and suggest, as 
a rule, some simple type of diarrhea. As ulcerative lesions develop, the 
intestinal symptoms assume a more distinctly dysenteric character. 
At this stage, the evacuations usually contain large amounts of mucus 
with varying quantities of intermingled blood. A considerable degree 
of tenesmus may also be present, and in other respects the condition is 
indistinguishable clinically from other types of dysentery. Just as in 
entainebic infections of the lower bowel, alternating periods of diarrhea 
and constipation may occur. During the quiescent i)criods, only the 
encysted forms can be found in the hard dry feces. In prolonged in- 
fections, the intervals between the diarrheal attacks are shortened and 
the intestinal disturbances become more pronounced; the stools often 
assume an offensive o<lor, and the amount of blood may become greatly 
increased. Constitutional symptoms are not uncommon at this time, 
the patient complaining of anorexia, loss of weight, and digestive dis- 
turbances of many kinds. Anemia is also a common symptom during the 
later stages, and some observers have noted occasionally edema of the 
feet and ankles. Physical signs are distended abdomen with marked 
tenderness along the colon, especially along the sigmoid. Leukocytosis 
IS rarely present, but a relative degree of eosinophilia is not uncommon. 

Diagnosis. — Prom the above, it will be seen that balantidial dysen- 
tery does not differ clinically to any marked extent from other forms 
of chronic dysentery. The diagnosis can only be made with certainty 
by discovering the tyi)ical vegetative forms or cysts of the organism in 
the stools. On proc;toscopic examination, numbers of ulcerations may 
often be seen on the rectal mucosa. Scrapings from these ulcers usually 
contain the parasites in large numbers. Cysts are found most frequently 
in the solid fecal particles. 

Treatment. — Prophylaxis. — Prophylactic measures include, in the 
main, the confining of pigs to their proper quarters in infected locali- 
ties. These animals should not be permitted to roam at large as they do 
in many rural districts, and, in particular, should be kept out of dwell- 
ings. Swineherds and farm laborers should be advised to wash their 
hamds before eating. 

Curative Treatment. — ^Various drugs have been employed, but the 
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treatment on the whole has proved unsatisfactory. As in entamebic 
dysentery, a subsidence of symptoms is often interpreted as a cure of 
the infection. Up to the present time, no specific remedy has been 
discovered. Phillips recommends highly large daily doses of thsnnol. 
Behrenroth also became impressed with the value of this remedy. Bar- 
low succeeded in relieving one case entirely with the internal use of 
methylene blue. Ipecac and emetin have been advocated by some, 
though most observers report highly disappointing results with the 
use of these drugs. 

Dutch er, after failure in one case with emetin, switched to intra- 
venous injections of salvarsan, 0.06 gram (1 grain) which succeeded 
in removing all traces of the infection from the stools. 

In some quarters, rectal irrigations with various antiseptic solutions, 
such as quinin (1:1000), silver nitrate (1:3000), iodin (1:5000) and 
argyrol, have been accorded a trial with more or less ineffective results. 

Rest in bed and restricted diet are undoubtedly valuable aids in 
any plan of treatment. 

Prognosis. — The prognosis of the disease is generally unfavorable. 
This is due in great measure to the lack of specific medication. When 
treatment is instituted at an early stage, before ulcerative lesions have 
set in, the chances of recovery are greatly increased. The mortality has 
been estimated at about 30 per cent., which is considerably higher than 
that of either bacillary or entamebic dysentery. 

Pathology. — According to Gant, 35 autopsies in all had been held up 
to 1915 upon cases of balantidial colitis. The morbid processes varied in 
these cases from a simple catarrhal congestion of the mucosa to extensive 
ulcerative lesions involving the mucous and submucous layers. 

The balantidia penetrate the tissues of the intestinal wall by mechan- 
ically pushing aside the cells, and reach the submucosa, where coloniza- 
tion is finally effected. As a result of their presence, congestion of the 
blood-vessels arises, with subsequent tissue infiltration in which round 
cells and eosinophils predominate. The secretion of a proteolytic fer- 
ment eventually brings about necrosis and, finally, open ulcerations on 
the mucous surface. This is followed by a secondary invasion of intes- 
tinal bacteria, which produces changes of a more distinctly inflammatory 
character. Balantidia coU are, however, able to produce abscesses and 
ulcerations of the intestinal wall without the aid of bacteria. This ef- 
fect was observed by Walker in a case of human balantidiosis that came 
to autopsy. Closed abscesses were found in the thickened submucosa, 
entirely surrounded by sound tissue. Upon section, the ‘^pus’’ was 
found to contain only mononuclear cells, in addition to the specific 
protozoal organisms. 

The character of the gross lesions depends largely upon the stage of 
the infection. In advanced cases, the pathological processes are not 
greatly dissimilar to those found in chronic entamebic dysentery. Bow- 
man, who observed three cases at autopsy, concluded that there were no 
means of distinguishing late entamebic ulcerations from those caused by 
Balantidium coli, though fresh entamebic ulcers appeared to be somewhat 
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more punctate in character. Not infrequently in the later stages, the or- 
ganism will be found to have penetrated into the blood-vessels and lymph 
spaces of the mesentery, extending even at times into the larger lymphat- 
ic glands. Invasion of the liver has never been distinctly confirmed. 

Ctoographical Distribution. — The distribution of the infection is 
rather widespread, having been recorded in Russia, Scandinavia, Fin- 
land, Germany, Italy, Serbia, the Cochin Provinces of China, and other 
pa^s of Asia, the Philippines Islands, Nicaragua, Porto Rico and Cuba. 
Only a few scattered cases have been reported in the United States. 
These cases with their respective locations and observers are as follows: 
New Jersey, one case by Gant; Arkansas, three cases by Grey, and one 
by Deaderick; Louisiana, one case by Bel and Couret; Minnesota, one 
case by Sistrunk, The Rockefeller Sanitary Commission in addition has 
reported two cases in North Carolina, and one in Mississippi. 
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CHAPTER XXXIII 


THE FLAGELLATE DIARRHEAS 
By Sidnety K. Simon, A. B., M. D. 

Classification of flaf^ellates, p. 359 — Diarrhea caused by Lamblia 
(Giardia) intestinalis, p. 360 — ^Diarrhea caused by Cercomonas 
intestihalis, p. 362 — Diarrhea caused by Trichomonas intestinalis, p. 

363 — Diarrhea caused by Tetramitus (Chilomastix) mesnili, p. 366 
— Infection with Waskia intestinalis, p. 368 — Bibliography, p. 369. 

Classification of Flag'ellates. — The flagellates comprise a group of 
protozoal organisms belonging to the class Mastigophora, which possess 
as their chief characteristic one or more flagella or whip-like processes 
of the cytoplasm. These appendages serve both for locomotion and for 
the capture of food. The FlageUwta include a large number of species, 
most of which are free living. They inhabit both fresh and salt water, 
and are especially prevalent in the moist soil and stagnant pools of 
tropical countries. Only a few of the species are capable of a parasitic 
life within the human organism. Included in this class, besides the 
intestinal flagellates, are the Trypanosoma (flagellate parasites of the 
blood stream, which cause the fatal African sleeping sickness) and the 
Leishmania donovani and Leishmania tropicwm, flagellate organisms of 
the blood-vessels and skin, which produce kala-azar and oriental sore, 
respectively. 

Doubt is still expressed in some quarters regarding the essential 
pathogenicity of the intestinal flagellates. Most authorities are now 
agreed, however, that when present in large numbers, these organisms 
are capable of- inflicting injury to the intestinal mucosa, and may thus 
become responsible at times for an intractable type of diarrhea. Enough 
has been shown from recent investigations, according to HaughwouJ:, 
to despoil the flagellates of the reputation for harmlessness to man they 
have previously had. On the other hand, the fact should not be over- 
looked that flagellates are frequently present in the gut without pro- 
ducing symptoms of any kind. Wenyon b^dieves that just as there is 
a normal bacterial flora, there may likewise be a normal protozoal fauna, 
which can live in the intestine without inflicting harm upon the host. 
Actual penetration of the tissues by flagellate organisms has never been 
demonstrated, so that their harmful effects must result either from me- 
chanical insults inflicted upon the epithelial surface of the bowel, or 
from the secretion of specific toxic bodies. The following represent 
the chief types of flagellates that occur in the human intestine : 
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Lamblia (Oiardia) intestinaiis (Lambl, 1859). 

Cercamonas intestinaiis (Davaine, 1854). 

Trichomonas intestinaiis (Lcuchart, 1879). 

TetrcBmitus ( ChiLomostix) mesnili (Wenyon, 1910). 

Waskia intestinaiis (Wenyon, 1916). 

Diarrhea Caused by Lamblia (Giardia) Intestinaiis. — This organism 
has a wide distriVju.tion in tropical countries. In some localities it has 
been found to be the predominant type of intestinal protozoa. Noc 
claims, for example, that in Tonkin, 50 per cent, of the population 
harbor lamblia in their stools. In recent years, numerous scattered cases 
have been reported from temperate countries, many of which have 
proved to be of indigenous origin. Judging from the collection of pub- 




Fia. 1 . — Lamblia Intestinalts. 



3 

(Aft-or Wenyon.) 
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1. Surface view Hhowing the two sucking disks, the nuclei, and the eight 
flagella. 

2. Side view of samo organism. 

3. Encysted form containing two flagellates. 

4. Appearance of cyst when viewed on end. 


lished cases, the organism is, however, seldom encountered in the United 
States. Stiles has noted an isolated instance of its occurrence in Balti- 
more, and Logan and Sanford found this form of protozoa present in 
only 66 out of a total of 6,000 stool examinations, made upon individuals 
from all se(?tions of the country. In the author’s experience, Lamblia 
intestinaiis is rarely met with in the Gulf region of the Southern States. 

Etiology. — DescripHan of the Organism . — In its free state, the 
organism possesses a striking and characteristic appearance, which ren- 
ders differentiation from other intestinal organisms a matter of little 
difficulty. The contour of the body is of pear shape, and the various 
structures are arranged in bilateral symmetry. Stained specimens pro- 
duce a particularly grotesque appearance, suggesting a spectacled coun- 
tenance. Two sucking disks, each with raised convex edges, are present 
on the ventral surface. These disks possess contractile properties, which 
enable the organisms to attach themselves by a kind of suctorial action 
to the epithelial cells of the mucosa. Two rod-like ridges lie upon each 
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side of the center axis, extending in length from the sucking disks to 
the tapering end of the organism, and terminate finally in two long 
flagella. In addition, three other pairs of flagella are present, which 
project from the anterior and posterior aspects of the sucking disks. A 
small kinetic granule is found to form the base of each individual 
flagellum. Of the 8 flagella, the median pair are by far the most active. 
Two nuclei are present, situated symmetrically on each side of the rods 
at the anterior extremity. In structure, the nuclei are similar, each pos- 
sessing a distinct karyosorae. Because of the number of flagella, the 
organism is exceedingly active, and swims about in the fecal current 
with a peculiar swaying movement. In size Lamhlia intestinali^s varies 
from 10 to 21 microns in length and from 5 to 12 microns in breadth. 
Reproduction in the unencysted state has been observed by Wenyon to 
take place by a process of longitudinal division. The vegetative forms 
live, for the most part, in the small intestine, and are seldom found in 
the fecal contents, unless active peristalsis is present. The cysts, on 
the other hand, appear in abundant quantity, as a rule, in the stools 
of infected individuals. Their appearance is not constant, however, long 
intervals elapsing at times, when even a careful search may fail to re- 
veal their presence. The cysts are oval, and measure from 10 to 14 
microns in diameter. During reproduction within the cyst, a number 
of complicated changes take place, the process terminating in the forma- 
tion of one or two completely developed organisms. When stained, the 
cysts are found to contain from two to four symmetrically arranged 
nuclei, situated at the extreme upper pole. Four curved axostyles are 
seen to project in a longitudinal direction from the region of the nuclei, 
while a number of comma-like parabasal bodies complete the highly 
characteristic picture. Lamblia cysts are apparently able to maintain 
their infectivity for a long time after their discharge from the body. 
Rats and mice are the main reservoirs for human infections, the cysts 
being taken into the body, as a rule, through cereals contaminated by 
the vermin of these animals. 

Pathogenesis. — According to Wenyon, of all the flagellates of the 
human intestine, Lamihlia iniestinalis has the best claim to pathogenicity. 
This is obvious when one considers the great activity of these organisms 
and the manner they have of attaching themselves intimately to the 
intestinal epithelium. Most authorities now recognize a distinctive form 
of diarrhea which is associated with the presence of these parasites in the 
intestinal tract. 

Fantham and Porter report, for example, 3 87 cases of pure lambliasis 
among 1,305 British soldiers invalided home from Gallipoli and from 
the western front, during the recent World conflict. These authors con- 
ducted experiments with the organism on lower animals ami were able 
to bring about parasitization in 13 out of 17 kittens and mice fed with 
material containing the cysts. The chief symptoms in these animals 
proved to be an intractable form of diarrhea with emaciation. They 
likewise found erosion and distortion of the intestinal epithelial cells 
in human subjects, and believe the lamblia are able to produce distinct 
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pathological effects because of their suctorial action on the surface 
epithelium. 

Kennedy and Rosewarne observed 12 cases of lamblia diarrhea out of 
136 consecutive cases of bowel disorders in Gallipoli. Some of these cases 
presented features of a tru.e dysentery. At intervals, blood and mucus 
were present in the dejecta, and tenesmus was likewise not uncommon. 
Lamblia intestinalis were the only organisms found in the stools. Logan 
and Sanford, in their cases, noted a history of diarrhea without blood or 
mueus. The movements occurred for the most part, during the early 
morning hours, and were accompanied by considerable rumbling and 
rolling in the intestine, and an indefinite type of abdominal pain, which 
was referred mostly to the right side. In many of these patients, func- 
tional disturbances of digestion were also present. Stitt believes that 
lamblial dysentery is second only to amebic dysentery in the frequency 
of its occurrence in the tropics. Cases which develop in the tropics show 
a tendency to spontaneous improvement upon a change to cooler climates. 
Rapid improvement has been noted on a number of occasions by British 
observers, among soldiers returning to England from tropical countries, 
only the encysted forms remaining in the stools as evidence of previous 
infection. 

Treatment. — No satisfactory plan of treatment has as yet been of- 
fered for lamblial infections. Some observers have noted a<n inhibitory 
effect upon the vegetative organisms with the use of emetin, but this 
action is not to be considered in any sense a curative one for the in- 
fection itself. Dobell and Low, in conjunction with other careful Brit- 
ish observers, have found that emetin is without permanent effect upon 
the organisms. Thymol has been highly recommended by Logan and 
Sanford. Other drugs for which success has been claimed from time 
to time are beta-naphthol, bismuth salicylate, methylene-blue 
and male fern. Escomel treated his cases with a prolonged milk 
diet and doses of calomel followed by castor-oil. The diarrhea tends to 
remit spontaneously in most instances, which will account for the marked 
success reported from time to time following the use of different medi- 
cinal agents. 

Diarrheas Caused by Cercomonas and Trichomonas Intestinalis. — 

These are by far the most frequently encountered of all the intes- 
tinal flagellates, possessing a wide distribution throughout tropical and 
subtropical countries, as well as in many temperate regions. Consider- 
able confusion has always existed in respect to the identity and differ- 
entiation of these two species. 

A. Cercomonas Intestinalis. — Cercomonas intestinalis was first de- 
scribed by Davaine in 1854, but its existence as a distinct species has been 
denied by most observers. Wen yon takes the position that the term 
cercomonas has been employed very loosely in medical literature in the 
past, it having become a habit with some to call any actively moving 
flagellate seen in the feces a cercomonas, quite regardless of its structure. 
He concludes that while Cercomonas intestinalis is undoubtedly a sepa- 
rate species, it is of exceedingly rare occurrence. 
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Etiology. — Description of the Organism . — The organism as origi- 
nally described by Davaine, possesses a pyriform shape, and measures 
from 10 to 12 microns in length. But one real flagellum is present, 
which projects from the anterior or blunt surface. The fine tapering tip 
or posterior stem, however, constitutes in effect a second flagellum. It 
is this actively motile tip which is commonly observed in fresh, un- 
stained specimens. The true flagellum only becomes visible, as a rule, 
in stained specimens. The organism is exceedingly active in move- 
ment. Reproduction takes place by simple division of the vegetative 
cell. It is probable that in most instances where cercomonas infections 
have been described, the organism has been mistaken for TrichomOTUis 



12 3 

Fic. 2 . — Trichomonas and Cercomonas Intestjnalis. (After Wenyon.) 

1. Vegetative form of Trichomonas intestinalis, showing the flagella twisted 
around one another. Note also the umlulatiiig membrane, axostyle and nucleus. 

2. Ameboid form of same organism, throwing out finger-like pseudopodia which 
rapidly pass down the side of the body, as outlined in dotted position. 

3. Cercomonas intestinalis. The backward directed flagellum is adherent to the 
body. 

intestinalis or Tetramitus mesnili. A careful staining of the specimen 
should serve to remove all doubt as to the nature of the organism present. 

B. Trichomonas Intestinalis. — Trichomonas intestinalis is distin- 
guished from Cercomonas intestinalis chiefly by the number of flagella 
present. Three varieties are recognized: 

1. Trichomonas, which possesses three closely related anterior 
flagella. 

2. Tetratrichomonas., in which an additional posterior directed 
flagellum is present. 

3. Pentatrichomonas, presenting in all, five flagella. 

The most common clinical variety is the tetratrichomonas. 

Etiology. — Descriptwa of the Organism. — (a) Morphology. — Trich- 
omonas intestinalis, when viewed in the fresh stool specimen, is pear- 
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shaped, and is extremely active in its movements. It measures from 
10 to 20 microns in length and from 3 to 4 microns in breadth. When 
the organism approaches its resting stage, an undulating membrane can 
usually be made out, traveling from the anterior to the posterior ends of 
the organism. After fixing and staining, the parasite exhibits the follow- 
ing structure : A supporting rod or axostyle traverses the center portion 
of the cell from the nucleus in the anterior portion to the posterior tip. 
A definitely formed undulating membrane can be made out, which coils 
in spiral fashion around the axostyle. The nucleus occupies an eccentric 
position near the anterior extremity. A subsidiary nucleus, known as 
the blepharoplast, is also to be observ€‘d in close juxtaposition to the 
larger nucleus. The anterior flagella arise from a basal or chromatin 
granule on the rounded end of the cell body and project in a forward 
direction. These are, as a rule, three in number. When a fourth flagel- 
lum is present, it extends backward along the edge of the undulating 
membrane and x^rojecls beyond the tip of the posterior end. This fla- 
gellum is usually highly a(dwe in its movements. Reimoduction takes 
place by longitudinal division mitosis occurring in the nucleus as a 
primary step in the process. I'rior to division, complete reduplication 
of the various structures of the organism takes place, so that each daugh- 
ter c(dl represents a completely matu 4 *ed form. An encysted stage has 
never been observed in this species. The organism commonly known as 
Blastocystis hominis, which w’as formerly thought to be the encysted 
state of Trichmionas intestinalis, is now recognized as of purely vege- 
table origin, frequently appearing in the stools in connection with proto- 
zoal infections. When the environmental conditions become unfavorable, 
the trichomonads cease moving entirely, and assume spherical shai)e. 
These forms are particularly resistant and most i^robably serve in the 
place of cysts in bringing about infection in the new host. 

Distribution in the Body. — In the human intestinal tract, the tri- 
chomonas finds a suitable liabitat for its life x>roccsses in the alkaline 
contents of both the small and large bowel. The fluid stool offers more 
favorable oiiportunities for growth and reproduction than does the dried 
out and hardened feces. The organism carries on a purely saprophytic 
existence in the intestinal tract, and no evidence is at hand to confirm the 
idea that it ever invades the tissues. Nevertheless, a certain measure 
of pathogenicity is to be ascribeni to these flagellates because of the highly 
active whix)-like movements of their flagella. It is to be doubted whether 
trichomonads themselves arc able to initiate a diarrheal condition, but 
it is the author’s belief that their presence in large numbers in the fluid 
stool undoubtedly produces a highly irritating effect upon the intestinal 
mucosa. When the fecal contents become less fluid, a gradual diminution 
in the number of parasites is noted, ending in their complete disappear- 
ance from formed stools. At this stage, the infection is often considered 
to have terminated, but the administration of a saline purge will, in 
most instances, produce a prompt reappearance of the organisms in 
the stools. 

Some authors assign primary pathogenic properties to Trichomonas 
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intestinaJlis. Escomel, for example^ collected 152 cases of dysentery in 
Peru, which he believed was caused solely by this organism. Bhamy and 
Metts claim that “during their seventeen years of laboratory experience, 
they had never found flagellate protozoa except in cases with existing or 
recent acute or chronic diarrhea, and are convinced that these parasites 
are of more importance as etiological factors in diarrhea than has been 
given them.’’ They observed 7 cases of pure trichomonas infection 
with the following symptoms : Diarrhea with watery or slightly blood- 
stained stools, colicky pains, dyspnea, emaciation and anemia. On 
examination, the large bowel showed superficial ulcers. There was an 
eosinophilia (6 to 12 per cent.) present in each case. 

Castellani states that trichomonad and cercomonad flagellates occur 
in the stools of about 25 per cent, of healthy persons in the tropics, as 
may be determined after administering a saline purge. This author be- 
lieves that the organism is only pathogenic if present in enormous 
numbers. 

Smithies found triehomonads present in the gastric contents of 2 
cases that came under his observation. They were discovered in each 
instance in the residue of a test-meal and were jDresent in large numbers. 
Both patients had been in the habit of drinking unfiltered surface water 
in the localities in which they lived. 

Lynch is imi)ressed with the fact that triehomonads found in the 
vaginal secretion, urethra, mouth and lungs are identical with the in- 
testinal trichomonas. This author succeeded in infecting rabbits with 
feces obtained from human subjects. lie likewise speaks of an encysted 
stage of the organism and claims to have cultivated the parasites in 
bouillon acidified with ,05 per cent, acetic acid in a temi^erature of 30° 
C. Rabbits, as well as other lower animals, harbor triehomonads nor- 
mally, and their presence in these animals is rarely attended by path- 
ological states. 

Treatment. — The treatment of cercomonas and trichomonas infec- 
tions of the intestinal tract rarely produces satisfactory results. Some 
authors have reported success with the use of ipecac and emetin. It 
should be remembered that the organisms appear irregularly in the 
stools, and their disappearance should not be taken necessarily as an 
indication of the cure of the infection. The writer has noticed the fre- 
quent presence of triehomonads in the stools of individuals suffering 
with entamebic dysentery, though he has never observed any effect on 
these organisms from the large doses of ipecac or emetin employed. Meth- 
ylene blue has been recommended by Rhamy and Metts and by Cas- 
tellani. Care must be taken that this product is not contaminated by 
the presence of zinc chlorid. Two to three grains (0.130 to 0.195 gram) 
are administered by mouth in capsules three times a day and, in addition, 
the lower bowel is irrigated with a 1 : 5000 to 1 : 2000 aqueous solution of 
the drug. The treatment is discontinued from time to time in order 
to prevent the formation of methylene-blue concretions in the intestinal 
tract. The author has made use of this plan on several occasions, but 
has never succeeded in removing the infection by this procedure. In 
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one case, transduodenal lavage with a methylene blue solution was em- 
ployed without success. 

Smithies recommends repeated purgation with calomel and salines. 
Escomel has been impressed by the success which he has achieved in 
the treatment of trichomoniasis with the use of turpentine by mouth in 
conjunction with rectal irrigations of iodin (1 : 1000). The iodin enema- 
ta are employed for three consecutive days after the patient has been 
placed upon a strictly farinaceous diet. Should the organisms still ap- 
pear in the stools after the fourth day of this treatment, the use of 
turpentine by mouth is indicated. The following mixture is recom- 
mended by Escomel for this purpose: 

Emulsion de Franck 


Infusi cinchonae (1:50, not acid). 

...72 

c.c. 

( 2M> 
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... 1] 
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( 5V2 

t ( a 

) 
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i ( 

( 3% 

a (t 
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. . . 5 

< ( 

( 1% 

it a 
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. . . 3 

( < 

(50 
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) 
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( ( 
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t ( 
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( c 
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M. Ft. (Formula transcribed into thfe British Pharmacopeia 

by Marsden.) 

A tablespoonful of this mixture is to be administered every two 
hours for the first three days, gradually decreasing in frequency until 
the organisms disappear entirely from the stools. As a substitute, 
Wenyon suggests the ordinary IH^tura terebinthina in 10 minim doses, 
administered three times a day. 

Diarrhea Caused by Tetramitus (Chilomastix) Mesnili. — Etiology. 
— Description of the Organism . — This organism was first described by 
Wenyon, in 1910, who ran across it accidentally in the course of a routine 
examination of the feces of a man from the Bahamas, who was under 
treatment in a London hospital at the time for some chest disorder. Its 
occurrence has subsequently been noted in many quarters, and it is now 
considered by careful obser\^ers to be of world-wide distribution. Kofoid 
claims that the cysts of Tetramitus mesnili are, next to those of the 
Lamblia, the most abundant type of flagellates found in the human stools. 
The free forms have undoubtedly been mistaken in the past for Trich- 
amonas intestinalis. These organisms differ, however, in many of their 
structural details. Tetramitus is devoid of both axostyle and undulating 
membrane, but possesses instead a large cytostome, which extends al- 
most the entire distance from the anterior to the posterior ends of the 
cell. The lips of this large longitudinal opening are curved inward, and 
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are frequently observed to overlap one another. A small flagellum 
emerges from the anterior extremity of the cytostome but, as is the 
case with the other flagella, takes its real origin from a basal granule 
in the blunt end. The posterior tip tapers out into different lengths, 
equalling at times that of the cell-body itself. When particularly elon- 
gated, this posterior flagellum takes on a spiral form, producing a char- 
acteristic twisted appearance. The cytoplasm contains an unusually 
large number of vacuoles. Reproduction in the unencysted stage has 
never been observed. The cysts vary in size from 7 to 10 microns. On 
account of their small size and the lack of internal structure in un- 
stained preparations, the cysts are frequently mistaken for yeast cells. 
Some of the larger races of cysts are pear shaped, and contain a few 



Fig. 3. — Tetramitus Mesnili. (After Wenyon and O'Connor.) 

1. Free forms, showing twisting of the body. Note the cytostome at anterior 
extremity. 

2. Encysted form, stained. 

3. Encysted form, with retractile granules, as seen in fresh preparations.. 


minute, pale green retractile granules. When stained with iron hema- 
toxylin, many of the cysts show a distinct nucleus along with a typical 
elongated loop, forming the developmental stage of the cystostomal 
structure. In common with other flagellate cysts delicate flagellar fila- 
ments can also usually be made out. 

Distribution in the Body. — Clinically, infection with Tetramitus mes~ 
mli has been observed occasionally in connection with persistent attacks 
of diarrhea. Gabel has reported a case of tetramitus diarrhea in which 
the organisms persisted in the stools for as long a period as twelve years.. 
Other instances of infection with the organism, which were associated 
with diarrhea, have been noted by Brumpt in France and by Nattan- 
Larrier from the Ivory Coast. Marques da Cunha and Torres have 
recorded 5 cases of chronic diarrhea, affecting Brazilian children, which 
they found to be due to the presence of the tetramitus in the intestinal 
tract. In infected individuals, the cysts often appear intermittently in 
the stools. 
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Treatment. — The treatment is similar to that of other flagellate in- 
fections. 

Infection with Waskia Intestinalis. — The discovery of this new 
type of flagellate organism is also to be credited to Wenyon, who noted 
it in the course of routine stool examinations in the case of two carriers 
of Entameba histolytica. The organism was named after the Orwa-el- 
Waska section of the Nineteenth General Hospital in Alexandria, Egypt, 
where the infection was first discovered. 

Etiology. — Description of the Organism. — The free forms possess 
two flagella which enable the organism to swim about in the feces in 
a highly active manner. Under the cover-glass, the movements appear 
to be jerky and the organism frequently assumes a lateral position, in 



Tig. 4. — Waskia Intestinalis. (After Wenyon and O'Connor.) 

1 and 2. Flagellates as seen in fresh preparations. Note the characteristic 
bird-like appearance in 1. 

3. Encysted form, with dumb-bell nucleus, after staining. 


which the movements of the flagella can be carefully watched. The 
contour, under these circumstances, often suggests that of a bird. In 
addition to the nucleus, the cytoplasm contains many vacuoles. A 
cytostorae is likewise present in the anterior extremity through which 
the shorter and less active flagellum passes. The posterior stem tapers 
in a direction opposite to that of the cytostome. The length of the 
organism varies from 4 to 9 microns. The cysts are pear-shaped bodies, 
from 4 to 6 microns in length, and are devoid of internal structure in the 
native preparation. They resemble closely the smaller races of tetrami- 
tus cysts, but lack the refractile granules which distinguish these latter 
organisms. When stained, the cysts appear as small pyriform bodies, 
containing an elongated nucleus with dumb-bell-shaped karyosome. 

Distribution in the Body. — Waskia intestinalis does not appear to 
be a common type of flagellate, but few cases having been report^ since 
the announcement of its discovery. Kofoid and Sweezy found an occa- 
sional instance of this infection in their records of stool examinations 
made on American troops who had returned from Prance. As far as is 
known, no pathogenic significance has as yet become attached to the 
presence of these parasites in the stool, though, from analogy with other 
flagellates, their presence in the intestinal tract in large numbers might 
not prove to be altogether without clinical importance. 



BIBLIOGRAPHY 


369 


Bibliography 

Brumpt. Colite a Tetramitus m€»nili et eolite a Trichomonas intestinalis. Bull. 
Soc. path, exot., 1912, No. 5, p. 725. 

Castellani. Treatment of flagellate diarrhea. Brit. Med. Jour., Nov. 27, 
1912, 1, 779. 

Davaine. Sur des animalcules infnsoiras trouves dans les selles des inalades 
atteints du cholera et d’autres affections. Compt. rend. Soc. de biol., Paris^ 
Sept., 1854 (2) 1, p. 129. 

Dobell and Low. A note on the treatment of Lamblia infections. Lancet, 
Dec. 23, 1916, 1053. 

Escjomel. Cron, m^., Lima, Dec., 1915, xxxli, 630. 

Sur la dysenteric a Trichomonas a Arequipa (Perou). Hull. Soc. 

path, exot., Feb., 1913, vi, 120. 

Fantham and Porter. Pathogenicity of Lamblia intestinalis to men and 
to experimental animals. Brit. Med. Jour., July 29, 1916, 139. 

Gabel. Zur Pathogenitiit der Flagellaten. Ein Fall von Tetramitidendiarrhoe. 

Arch. f. Protistenk., March 28, 1914, xxxiv, p. 1. 

Haugiiwout. The tissue invasive powers of the flagellated and ciliated pro- 
tozoa, with special reference to Trichomonas intestinalis. A critical review. 
Philippine Jour. Sci., Sec. B, xiii, 217. 

Kennedy and Rosewarne. Lamblia intestinalis infection from Gallipoli. 
Lancet, June 10, 1016, 1163. 

Kofoid and Swezy. Criterions for distinguishing the Entamoeba of Amebiasis 
from other organisms. Arch. Int. Med., July 15, 1919, 35. 

Logan and Sanford. Significance of Lamblia intestinalis in stool examina- 
tions. Jour. Lab. and Clin. Med., June, 1917, ii, No. 9, 618. 

Lynch. Clinical and experimental Trichomoniasis of the intestine with cul- 
tivation of the causative organisms. New York Med. Jour., May 1, 

1915, 886. 

Marques da Cunha and Torres. Brazil-med., 1914, xxviii, 269. 
Nattan-Larrier. Infection humaine due a Tetramitus rnesnili. Bull. Soc. 
Path, exot., 1912, No. 5, p. 495. 

Noc. Parasitisrae intestinale en Cochinchine. Bull. Soc. path, exot., Jan. 12, 

1916, ix, 15. 

Rhamy and Metts. Flagellate protozoa as an etiologic factor of dysenteric 
diarrhea. Jour. Amer. Med. Assn., April 15, 1916, xlvi, 1190. 

Smithies. The occurrence of Trichomonas hominis in gastric contents with 
report of two cases. Amer. Jour. Med. Sci., July, 1912, cxliv, 82. 

Stiles. First American case of infection with Lamblia duodenalis. Wash. 
Med. Ann., 1902, No. 1, 64. 

Stitt. Diagnostics and treatment of tropical diseases. P. Blakiston Sons & Co., 
Philadelphia, 1917. 

Wenyon. Observations on the common protozoa of man. Lancet, Nov. 27, 
1915, p. 1173. 


VOL. nr. — ^24. 




CHAPTER XXXIV 


COCCIDIOSIS 
By Sidney K. Simon, M. D. 

Definition, p. 371 — Description of the organism, p. 371 — Distribu- 
tion, p. 371 — Morphologry, p. 371 — Coccidiosis in lower animals, 
p. 373 — Human coccidiosis, p. 374 — Treatment, p. 374. 

Definition. — common and frequently fatal disease in some of the 
lower animals, but comparatively rare in man, caused by infection with 
caccidia, minute protozoal organisms belonging to the class of sporozaa. 

Description of the Organism. — Sporozoa are distinguished from other 
forms of protozoa by their great power of reproduction, coupled with 
their capacity for forming especially resistant spores. This group is the 
most widely distributed and highly differentiated of all i)rotozoa, carry- 
ing on at least a part of their life cycle directly within the tissue cells of 
the host. As a result of their activity, the invaded tissue cells undergo 
hypertrophy and degeneration, and are eventually completely destroyed. 

Distribution. — The coccidia exhibit a strong predilection for the 
epithelial cells of the body, and especially those situated along the in- 
testinal tract and in the liver. In a few instances, the epithelium of the 
kidney is attacked, though this rarely occurs in human individuals. 

Morphology. — As is the case with nearly all the parasitic protozoa, 
two distinct phases api)ear during the life cycle of the organism: (1) 
vegetative, and (2) encysted. In the vegetative stage, the size of the coc- 
cidium is extremely variable, limited largely by the capacity for growth 
within the epithelial cells. The cytoplasm is finely granular as a rule, 
and no differentiation exists between the octoplasm and the endoplasm. 
In form, the coccidium is rounded or slightly elliptical. A vesicular type 
of nucleus is present in all species containing generally one large karyo- 
some. 

Reproduction takes place by schizogony with the production of a 
varying number of merozoites. The liberation of the young schizonts 
is usually followed by the penetration of new tissue cells, which explains 
the rapid extension of the disease process in the affected organ. Schizog- 
ony continues in this manner for several generations, until a stage is 
finally reached when further segmentation becomes impossible without 
sexual conjugation. This latter process takes place in the following 
manner: The merozoites assume sexual attributes. The female form, or 
macrogamete, enlarges in size and becomes especially rich in granular 
material. The male organism, or microgamete, on the other hand, is 
of delicate structure, consisting mainly of nuclear substance and carries 
two flagella. Fertilization takes place usually within the tissue cells, and 
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the new formed sporoblast, though originally naked, within a short 
time secretes a particularly resistant membranous capsule. Segmenta- 
tion of the fused nucleus then proceeds, resulting in the development 
of the matured sporocyst, or oocyst. 

The coccidia arc subdivided into different genera, depending upon 
the number of spores in each oocyst and likewise upon the number of 



P^o. 1 . — Stages of Development in an Oocyst of Coccidium Isospora as Found 
MY Wen yon in an Infected Individual from Gallipoli. 

(1) First stage, sliowiiig retraction of tho protoplasm so that^it does not com- 
I)letely fill the cyst. (2) The same, revealing formation of two sporoblasts by di- 
vision of the single mass. (3) Further development into sporoeysts. (4) Final 
stage, wherein each sporocyst produces four sporozoites, along with a residual mass 
of cytoplasm. 

sporozoites, w’hich develop from each spore. The genus Eimeria (Aime 
Schneider, 1875) is made up of organisms which produce oocysts with 
four spores, each of which in turn contains two sporozoites. Two species 
are recognized, namely, Eimeria avium and Eimeria stiedee, both of 
w'hich are of great economic importance. The genus Isospora (Aime 
Schneider, 1881) comprises forms in which but two spores develop in 
the oocyst, which further subdivide into four sporozoites. The species 
Isospora bigemina (Stiles, 1891) belonging to this genus is the form of 
coccidium usually encountered in human coccidiosis. Eimeria avium is 
a common coccidial parasite in poultry and wild birds, while Eimeria 
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stiedcB causes a fatal type of enteric infection in rabbits, cattle and other 
mammalia. 

Coccidiosis in Lower Animals. — In lower animals, coccidial infec- 
tions are of considerable importance. Coccidiosis is a particularly fatal 
disease among poultry and takes the form of a violent enteritis with 
diarrhea. The infection spreads rapidly from one animal to another, 
and great havoc is wrought when large numbei’s are collected together. 
The oocysts of the infectious organism, the Emieria avium^ are readily 
conveyed in drinking water and food. After being swallowed, the sporo- 
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Fig. 2. — Isospora Bigemina (8tiles) from the Intestines of a Dog, 

(a) Piece of an intestinal villus .beset with Isospora — slightly enlarged, (b) 
Isospora bigemina (15 microns in dianmter), shortly before division, (c) Divided. 
(d) Each portion encysted, forming two spores, (e) Four sporozoites in each part. 
CYi the left, a residual body is present — highly magnified. (After Stiles.) 

zoites issue forth from the cyst wall, under the influence of the digestive 
juices and set up a destructive infectious process in the epithelial cells 
of the intestine. In rabbits and cattle, the Eimeria stiedcB produces 
similar disturbances. Prom the gut of the rabbit, the organisms spread 
at limes to the; liver, where the parasites continue to multiply, resulting 
in the formation of whitish nodules visible to the naked eye. These nod- 
ules upon section are found to contain both free and encysted organisms. 
Pantham and Porter believe that the eating of the livers of rabbits 
suffering with coccidiosis has resulted at times in the transference of 
the infection to human beings. 

Human Coccidiosis. — Human coccidiosis presents itself almost en- 
tirely in the form of an intestinal infection, though involvement of the 
liver has been recorded in a few instances. While the total number of 
cases of human infection has upon the whole been small, there is strong 
probability that the disease has been mistaken in the past for other 
types of intestinal parasitism. Infection in man takes place by way 
of the mouth through the ingestion of food or water that has become 
contaminated with the sporocysts. Rapid destruction of the epithelial 
cells of the intestinal tract, which characterizes the disease process in 
lower animals, is practically never encountered in the human individual. 
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A mild type of diarrhea is sometimes noted in connection with the 
presence of coccidia in the human feces, though it is not clear whether 
these organisms constitute the direct cause. Savage and Young dis- 
covered 6 cases of infection with Coccidium isospora, complicating 
entamebic dysentery. Wenyon and O’Connor mention a number of 
instances of human infection with isospora which occurred under their 
observation in Egypt. Wenyon likewise observed 3 cases in a London 
hospital. Pantham found 4 instances of the same infection in a series 
of stool examinations among 1,305 British soldiers who had been in- 
valided home from Gallipoli and Flanders. None of these latter cases 
had developed intestinal symptoms as a result of their infection, the 
diagnosis resting entirely upon the discovery of the typical oocysts in 
the stools. Castallani, on the other hand, mentions 2 cases of diarrhea 
which he believed was caused entirely by coccidial infection. These 
cases occurred in connection with a group of 20 cases reported by him- 
self and Richards from the Balkan States and Macedonia. 

Coccidial cysts appearing in the stools are, as a rule, oval in shape 
and measure from 27 to 30 microns in length and from 12 to 15 microns 
in breadth. Each cyst contains two spores which have become further 
subdivided into four sporozoites. The cyst wall is thick and resistant 
and besides the spores, the cyst body is made up of granular proto- 
plasm. This type of cyst belongs to the genus isospora as described 
above. Occasionally, eimeria cysts are found in the human feces which 
are of somewhat larger size than the preceding type. Considerable 
interest is attached to the presence of these cysts in the stools, since 
they may be easily confused with the eggs of various helminths and 
particularly those of the hookworm and of trematodes. Coccidial cysts 
are smaller as a rule than the ova of intestinal worms, but there may be 
considerable difficulty in the differentiation, especially to the unpracticed 
eye. When doubt exists, the stool should be set aside in a moist chamber 
for a few days when further developments may be observed. 

Treatment. — Savage and Young believe that the coccidial infection 
in their cases was removed by rectal injection of silver nitrate. Cas- 
tallani, on the other hand, found that intestinal disinfectants proved in- 
effectual in his series of cases, which were subsequently cured by means 
of methylene blue. Ipecac and emetin were both tried out thoroughly 
by several observers, but with unsatisfactory results. 
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Synonyms. — Diarrhea (acute and chronic) enteritis, cholera nostras, 
winter cholera, intestinal grip, intestinal influenza, gastric fever, in- 
testinal disorder, summer complaint; German, Baccillenruhr ; French, 
dysenterie hacillaire ; Italian, dissenteria hdcterica. 

Definition. — It is an infectious disease of the intestinal tract, caused 
by one of the bacilli of the dysentery group, occurring in both acute and 
chronic forms, sporadically and in small epidemics. It is characterized 
by frequent stools containing blood and mucus and accompanied by 
pain. It attacks all ages and in its severe forms has a high mortality. 

Etiology. — Causative Factors. — The disease occurs in all countries 
and in all climates, but is commoner in the tropics and in the warmer 
parts of the temperate zones than in colder regions ; it is more frequent 
in the hot weather of summer than at other seasons. Both sexes and all 
ages are attacked. There does not seem to be any racial immunity ; nor 
does one attack apparently give much, if any, immunity against a second 
attack, although we have no exact studies on this point, in which the 
causative organism in two successive attacks is known. It is quite pos- 
sible that second attacks are relapses of latent infections rather than 
new infections. 

In well-developed communities where there is good water, adequate 
sewage system and efficient sanitary inspection of food and drink, par- 
ticularly of the milk, the disease tends to disappear; where these safe- 
guards do not exist, as among troops in campaign, in contractors’ camps, 
in unsanitary settlements unprovided with sewer systems, pure water 
and milk, and in the tropics, it is still a serious problem, causing a high 
morbidity and mortality. 

It also occurs not infrequently in institutions, particularly those for 
mental cases, where the personal hygiene of the patients is difficult to 
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control, and where a common kitchen, in which the patients perform 
part of the work, is in use. In such institutions it is easy to understand 
how a patient with an acute attack, in the earliest stage of the disease, 
or a chronic carrier, who is perhaps temporarily on duty in the kitchen 
or dining room, may infect many in the institution. In addition it is 
quite possible that the patients themselves may be more easily infected 
than normal healthy individuals. 

Cross-infections among children and infants entering hospital wards 
for other diseases have been reported by Reed,*^ and it is therefore 
necessary to surround these patients with the same precautions used in 
typhoid fever wards; and in any event the stools, the bed and body 
linen must be disinfected and separate nurses and utensils must be 
furnished. 

The disease is not infrequently a terminal infection in the case of 
cachectic patients and of those suffering from chronic disease. 

The part played by flies in the distribution of the infectious material 
is probably quite important, as in some localities the dysentery season 
runs nearly parallel with the fly season. Under such circumstances 
both in hospitals and at home, even breast-fed children may develop 
the disease, although in such an event the infection may be mild in 
character. 

Water-borne epidemics, more especially in the smaller communities 
where the water supply system is not continually under good super- 
vision, are not infrequent. 

C. J. Ilunt^ studied nine epidemics of dysentery occurring in cities 
and towns of Pennsylvania. Out of a total population of 152,000 in- 
volved 55,000 cases, representing about 36 per cent, of the population, 
were reported. In each case the disease might have been prevented 
by proper sui)ervision of the water supply, as it was found that the 
infectious material had been distributed through that channel. In five 
out of the nine epidemics studied, a second outbreak, this time due to 
the typhoid bacillus, followed the dysentery in from ten to twenty days. 

Bacillary dysentery is the cause of an enonnous morbidity and mor- 
tality in the tropics and subtropical regions. Both natives and for- 
eigners suffer from it ; the foreigners, because of the better conditions 
under which they live, being perhaps less subject than the natives. 
Exi)editions from northern countries to the tropics have always suffered 
severely and will no doubt continue to suffer, as it is hardly to be ex- 
pected that there will be proper and adequate sanitary conditions in 
tropical ports for many years to come. The great prevalence of the 
disease among natives requires further study and differentiation into 
its various types. It is evident that a large part of the population 
fails to become immune, thereby rendering it essential, from the stand- 
point of protection, to learn the reason for the continued susceptibility 
of such a large percentage of people. Whether it is due to failure of 
one attack to give protection against another, or whether second and 
subsequent attacks are due each to a different causative organism, or are 
relapses, is, of course, a matter of prime importance. 
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That there is a considerable amount of latent dysentery in the south- 
ern and tropical regions has long been known, and J. Cunningham® has 
found that under proper and suitable conditions a survey of a com- 
munity will give a total enteric index (of course, including all forms) 
comparable to the malarial index arrived at by spleen and blood ex- 
aminations. Cunningham’s studies were made in a jail in India, in a 
locality where dysentery was endemic. The macroscopic examination 
of the stools of the prisoners for mucus, and for blood and mucus, 
showed latent dysentery in prisoners who were, to all intents and pur- 
poses, in good health. The writer concluded that a series of ten suc- 
cessive examinations is sufficient to reveal all latent dysenteries in a 
given population. From Cunningham’s data, MacKendrick found that 
23 per cent, of the population were abnormal in this respect, and that the 
chance of detecting an abnormal y)erson at one examination was about 
one in three ; that with five examinations one could expect to detect about 
90 i)er cent. ; and with eight examinations about 97 per cent. The im- 
portance of latent dysentery with reference to the spread of the disease 
is obvious. Individuals in this condition are ordinarily classed as healthy 
carriers. 

Acute and chronic carriers play the same role as in typhoid fever 
The dividing line between the two classes is arbitrarily drawn at the 
expiration of three months from the time of the first symptoms. Healthy 
acute carriers are almost unknown. Healthy chronic carriers are not 
uncommon; a good example of this condition is described by Fletcher 
and iMackinnoii.* The patient was a convalescent from rheumatism. He 
remembered having a slight attack of diarrhea soon after he first entered 
the hospital. Although his stools were formed and never contained 
mucus or blood, the Flexiier bacilli were isolated ‘‘thirty-one times in 
forty-one examinations, frequently constituting from 50 to 80 per cent, 
of all the colonies present on the plates.” He was still a carrier eighteen 
months after the first symptoms appeared. 

The ordinary chronic carrier, however, gives a good history of an 
acute attack and usually of remissions and exacerbations of his disease. 
With suitable employment and careful diet the carrier of the Flexner- 
“Y” bacillus remains free from symptoms and is able to work the 
greater part of the time. The Shiga carrier, however, is rare, as he 
seldom recovers sufficiently to be considered healthy, even for a time, 
and is therefore more properly considered a chronic case. 

The excretion of the bacilli is intermittent, as with typhoid carriers, 
and none may be found for weeks or months together; they return in 
gradually increasing numbers until more dysentery colonies may be 
found on the plates than colon bacilli. No satisfactory explanation for 
this phenomenon has been given, although several authors have pointed 
out the antagonism which exists between the colon and the dysenteric 
bacilli, and have suggested that the colon bacillus is probably able to 
kill off the dysentery organisms before the stool is passed. 

A more attractive explanation is offered by Nichols,® who notes 
the fact that bipod cultures are occasionally positive in dysentery, and 
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that bacilli of the dysentery group have at times been recovered from the 
gall-bladder at autopsy.® 

Reasoning from analogy with carriers of typhoid, paratyphoid and 
cholera organisms, Nichols believes that further work will show gall- 
bladder infections in chronic dysentery carriers and suggests the neces- 
sity for further examination of cases, with this point in view. Cultures 
should be made at autopsy from the gall-bladder and other viscera be- 
cause of the possibility of a portal system septicemia, and during life 
the bile should be examined by means of Einhom’s duodenal tube, a 
method which has given excellent results in the study of typhoid and 
paratyphoid carriers.^ 

The duration of the carrier state in the apparently healthy is un- 
known, although instances are given in which it has lasted over two 
years without any indication of change in the future. Fletcher and 
Mackinnon found that all of their 13 Shiga carriers were persistent 
carriers, whereas only 13 out of 61 of the Flexner-“Y’’ group were 
persistent. 

House and family epidemics constitute one of the characteristic 
features of the disease, and in rural communities, the greater number 
of a household have been known to die in the course of a few weeks. 
Of course, proper hygiene and good sanitation would j^revent such 
catastrophes, but we know that the knowledge of good personal hygiene 
penetrates slowly among the masses of the people. As in secondary 
cases of typhoid fever, the history not infrequently shows that the mother 
of the household acts as nurse for the patient and as cook for the well, 
and sooner or later in some manner or other contaminates the food. 

The great importance of the disease has been well summarized by 
Barker,® who states that in the tropics it destroys more lives than 
cholera and has been more fatal to armies than powder and shot, and 
that it has been responsible for a greater amount of invalidism and 
deaths than has any other single disease. 

Bacteriology. — The Bacillus dysenterice was first described by 
Shiga,® who isolated it during a severe epidemic which occurred in Japan 
ill 1898. The method which he employed had often been used before, 
but rarely with success. It consisted in agglutinating a large series of 
organisms isolated in pure culture from the stools of dysenteries with 
the serum from convalescents. In this way, he found an organism which 
reacted positively with convalescent serum. On the basis of his early 
experiments, he also believed the bacillus to be motile. On the culture 
media in use at that period he was unable to differentiate it from the 
typhoid bacillus, except by its slight motility and by the agglutination 
reaction. 

Subsequent studies by Kruse, Flexner,^^ Lentz,^* and Hiss and 
Russell made it clear that the organism was non-motile and that it 
could be differentiated from typhoid by that character alone; this, to- 
gether with the very clear-cut serological differences, established the 
identity of the dysentery bacillus. 

The same series of studies showed that there were differences among 
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the dysentery bacilli themselves, and Kruse, by means of agglutination 
reactions, divided them into two classes, true and pseudodysenteries. In 
the first class he placed the organism discovered by Shiga in Japan and 
by himself in Germany, and in the second, or pseudodysentery class, the 
bacillus of Flexner and the organisms which he had isolated from cases 
of asylum dysentery in Germany. The term pseudo-dysentery was soon 
dropped, and it became customary in America to speak of the non-acid 
or non-mannite fermenting strain of bacilli (Shiga, which does not form 
acid from mannite), and of the acid or mannite fermenting strains 
(‘‘Y, ” which ferments mannite only; Flexner, which ferments mannite, 
sucrose, dextrin and maltose; and Strong,’^ which ferments mannite 
and sucrose). 

With this division into two principal classes and into three varieties 
of the second class, the subject rested hntil the outbreak of the World 
War, when the return of patients to England from the Eastern Mediter- 
ranean revived interest in the subject in English-speaking countries. 
Since the cessation of the war, which has pennitted the transmission 
through the mails of the medical journals from the Central Powers, it 
has been learned that they also had many cases of dysentery, and that 
their investigations followed much the same lines as those of the British. 

The failures of early investigators to find a single causative organism 
upon which they could agree led them to accept the hypothesis that 
the disease was caused by the commoner and well known bacteria of 
the intestine, which in some way had acquired great virulence. French 
and Italian authors reported the presence of a colon bacillus, called by 
them BacilUis cali dysenterica, which was pathogenic for cats and dogs, 
producing dysenteric lesions in the colon, including ulcers. (Magiori, 
Le varan, Armand, Cclli, Fioca [1895] and Escherich.) 

In Japan, Ogata described a Gram-positive bacillus with liquefied 
gelatin and produced dysenteric lesions in laboratory animals. It has 
never been reported since except by Vivaldi, in a small epidemic in 
Italy. 

Calmette isolated the BdciUus pyacyemeus from a form of dysentery 
common in Cochin China, where it is known as endemic enterocolitis; 
Lartigan in New York, Adami in Canada, and Barker in Baltimore, 
found the same organism in small epidemics, but no further references 
are found to this organism in the literature in recent years. 

Many observers have noted the frequency with which streptococci 
{Streptococcus intestinalis) and other cocci are found in the stools in 
dysentery, and in the summer diarrheas of children, and have particu- 
larly observed their presence in enormous numbers in green stools. No 
one has recently attributed any pathological importance to them, how- 
ever. (Zancard, Silvestri, Bertrand, Bauscher and Ascher.) 

In 1906 Morgan,^® working in London, published a study of the 
bacteriology of the summer diarrheas of children. He noted that the 
clinical picture of the disease in England was somewhat different from 
that reported in America; for example, he found blood in the stools to 
be quite exceptional there, whereas in America it is not infrequent. 
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He found none of the usual dysentery bacilli, but did isolate a series 
of organisms from stools and autopsy material. His method was as 
follows: The stools were plated on MacConkey’s bile-salt, neutral red, 
lactose agar and all colonies unable to ferment lactose were transferred 
to lactose broth fermentation tubes. After three days’ incubation all 
the lactose fermenters were discarded and transfers then made to 
gelatin; after three weeks’ incubation all liquidifying cultures were 
discarded and the remainder retained for study. Morgan examined 
304 cultures and found an organism since known as Morgan^ s bdcillus 
No, 1, which is a Gram-negative, motile bacillus, producing acid and gas 
in dextrose, but not fermenting mannite, dulcite, lactose or sucrose. 
It turns litmus milk alkaline and produces indol. It caused death pre- 
ceded by diarrhea in young laboratory animals, and was regularly 
isolated from the animal’s spleen after death. Filtrates from young 
broth cultures were found to be quite toxic for rabbits. The stools of 
healthy children were repeatedly examined, but with uniformly negative 
results. Morgan’s results from agglutination tests, using the patient’s 
culture and serum, were disappointing, as only one serum out of forty 
examined showed agglutinins for the bacillus from the corresponding 
patient. 

Kligler^^ has shown that while culturally these organisms appear 
to represent a single, definite species, serologically they are quite diver- 
sified. Among seventeen cultures examined, six diiferent groups were 
found- In view of these wide antigenic differences it seems improbable 
that the organisms can be specifically related to any of these disease 
processes or to each other. 

Up to the time of the publication of the papers of Kruse, 1901, 
and of Lentz, 1902, and of Hiss and Russell, 1903, and of Park and 
Dunham, 1902,^® the various dysentery organisms had not been differen- 
tiated. These studies showed, however, that the Shiga bacillus fermented 
glucose only, and that the bacillus brought from Manila by Flexner 
in 3900 could be differentiated from the Shiga by its power of fermenting 
mannite, an alcohol which had not been used before that time by bac- 
teriologists. Hiss and Russell showed, furthermore, that a third variety, 
which they called the “Y” bacillus, could be differentiated from the 
Shiga by reason of its power to ferment glucose and mannite only, 
whereas the Flexner cultures also fermented maltose, sucrose and 
dextrin. 

In 1903, during a small epidemic near New York, Park and Carry 
isolated another form which was like the Shiga in the fermentation re- 
actions, but differed from it in possessing the power to produce indol 
and in not being agglutinated in either Flexner or Shiga serum. It is 
possible, therefore, that they anticipated the discovery of what is now 
known as BocULus ambigwus or Schmitz’s bacillus. 

Thus it is seen that during the first years after the discovery of 
the organism much work was done, particularly in Germany and the 
United States, which resulted in showing the widespread distribution 
of the bacilli of dysentery ; of late years, however, until the outbreak of 
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the World War, very little more was contributed to our knowledge of 
the bacteriology of the disease. The reason for this becomes evident 
when one considers the nature of the investigations upon intestinal or- 
ganisms during the period. Drigalski and Conradi,*® and soon after, 
Endo^^ and MacConkey, described new plating media for the isolation 
of typhoid bacilli from the stools and urine, making use of dyes as 
indicators. In the course of time these media, particularly the Endo, 
came to be used as a routine measure for the examination of stools in 
laboratories all over the world. Although these media are highly suc- 
cessfiil for the typhoid and paratyphoid bacilli, they are quite unsuit- 
able for the examination of dysenteric stools, because of the inhibitory 
effect of the dyes and of the unfavorable reaction of most of the media. 
Only recently has the difficulty been recognized and steps been taken 
to correct the errors. 

Technic of Stool Examination . — In 1918, Kligler and Olitsky^* re- 
investigated the technic of stool examination for dysentery bacilli, and 
made certain definite recommendations, of which the following are the 
more important: 

** Selection of Stool Specimens for Examination . — Too much emphasis 
cannot be laid on the importance of choosing a satisfactory sample of 
stool. If possible, one containing blood and mucus with little or no 
fecal matter should be used. It is essential to plate the stool directly or 
very shortly after it is collected. Experiments with artificial mixture® 
of the Shiga bacillus with feces showed a 50 per cent, reduction in four 
hours and from 85 to 90 per cent, in twenty-four hours, when kept at 
room temperature. ’ * 

The two sorts of media which these writers found most suitable are 
prepared as follows: , 

“ ( 1 ) The modified Endo ^s medium is prepared as follows : To 
veal or beef-infusion 1.5 per cent, agar, titrated (and this is important) 
to pH 7.6 to 7.8, is added 1 per cent, lactose and 1 per cent, by volume 
of decolorized basic fuchsin indicator. The latter is prepared by adding 
1 c.c. of 10 per cent, basic fuchsin to 10 c.c. of 10 per cent, sodium 
bisulphite solution. Of course, the lactose and the indicator are added 
separately before plates are poured. 

'' (2) The eosin-blue medium is prepared by adding to the veal-in- 
fusing agar, titrated to pH 7.2 to 7.4, 1 per cent, lactose, and 2 c.c. 
of 2 per cent, solution of yellow eosin and 2 c.c. of 0.5 per cent, solution 
of water-soluble methylene blue.^' 

It will be noted that both of the new media are standardized accord- 
ing to their hydrogen-ion concentration, which is most important; the 
colonies on media so prepared are not only more numerous, but rela- 
tively larger. 

Eligler and Olitsky's procedure for isolation of the bacillus from 
the stools, as briefly stated by them, is as follows: 
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**Procedure , — On the basis of these tests, and of experience in prac- 
tical work and class work, we recommend the following procedure for 
the isolation and rapid identification of dysentery bacilli from stools; 

‘ ‘ A fresh specimen of stool, preferably with blood and mucus, is col- 
lected and promptly cultured. A shred of bloody mucus, if present, 
is selected, washed three or four times with sterile saline, to remove all 
fecal matter, and spread successively on a veal infusion eosin-methylene- 
blue and a modified Endo plate. The plates are then incubated from 
eighteen to twenty-four hours at 37 C. 

‘‘The plates arc now examined and the suspicious, colorless colonies 
inoculated into each of two differential tubes: 

“(a) A small tube containing 1 c.c. of a 0.5 per cent, glucose 
broth. 

“ (&) A double sugar tube, on the principle of the Russell double 
sugar medium, containing 0.1 per cent, glucose, 0.5 per cent, mannite, 
and 1 per cent. Andrade indicator. 

“The colony is picked off with a small loop and inoculated first into 
the broth and then stabbed in and streaked on the double sugar tube. 

‘ ‘ After from two to four hours the broth tubes are usually sufficiently 
turbid for an agglutination test with a polyvalent antidyscnteric serum. 
A faint visible turbidity is sufficient, and when it appears, 0.1 c.c. of a 
1 :50 dilution of a potent polyvalent antidyscnteric serum is added and 
the tubes re-incubated for one hour. A definite clumping is a good pre- 
sumptive test for the presence of dysentery bacilli. 

“The double sugar tube is incubated over-night. A red butt with- 
out gas, and a colorless slant indicates a Shiga bacillus. If the entire 
tube is red and gas absent, it corresponds to a Plexner type. The sur- 
face growth is now wasiied off with saline and a confirmatory agglutina- 
tion test is made with specific type and polyvalent scrum. If desired, 
an agar slant and various agar mediums may be inoculated for further 
study, or an animal inoculation made. 

“By the use of the two tubes, one can obtain a presumptive diag- 
nosis about a day after the collection of the stool — a matter of great 
importance for epidemiologic and therapeutic purposes.’^ 

Aliernaiive Medium . — A simide and satisfactory medium has been 
devised by Max Levine,-® working in the author’s laboratory, for the 
isolation of these organisms from stools: 


Distilled water 1,000 c.c. 

Agar 15 grams 

Peptone (Difeo) 10 grams 

Dipotassium phosphate 4 grams 


The hydrogen-ion concentration of this medium is 7.4 to 7.5. It 
therefore nee<ls no adjustment, and if the agar is clean and white, need 
not be filtered. To each 100 c.c. is added : 
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Lactose 20 per cent, solution 5 c.c. 

Glucose 5 per cent, solution 1 c.c. 

Bosolic acid (1 per cent, in 90 per cent, alcohol) ... 1 c.c. 

China blue (0.5 per cent, in water) 1 c.c. 


The dysentery bacilli grow as luxuriantly on this as on any other 
medium, and the non-lactose fermenters are readily isolated. Colonies 
fished from these plates are first agglutinated in a polyvalent serum of 
high titer and transferred to double sugar tubes in the manner recom- 
meiided by Kligler and Olitzky (see above, page 382). 

For a further study of the organism giving the presumptive cultural 
and serological reactions, it is well to replate the cultures, since those 
fished from plates inoculated by streaking the surface with material 
from a stool are frequently contaminated ; consequently further study of 
the organism cannot be carried out until pure cultures have been ob- 
tained by replatirig. 

The culture is then transferred to milk, using brom-cresol-purple or 
litmus as an indicator, to peptone solution and to fermentation tubes 
containing % per cent, solutions of the carbohj^drates given below, in 
Levine’s peptone dipotassium phosphate medium, or sugar-free broth. 
Levine’s medium contains peptone 1 per cent., dipotassiiim phosphate, 
0.4 iDor cent, in distilled water. This should give a pll value of 7.6. 
•which is a satisfactory reaction for this group. The carbohydrates for 
confirmation of the presumptive test already made, and for further 
study, are glucose, lactose, sucrose, mannite and dulcite, and to a 
limited extent maltose and dextrin. 

It has, however, been pretty clearly shown, by numerous studies, that 
the greatest value of carbohydrate feimien tat ions is in the separation 
of the Shiga from the Flexncr-^Y’^ group by the fermentation of man- 
nite by the latter. 

In studying the group by means of fermentation reactions it is 
essential to have pure sugars, and the best test for their suitability is 
the use of control fermentations with pure cultures of known dysentery 
organisms. Imjmrities in the maltose are not uncommon ; but even 
when pure some of tlie sugars are easily broken down during the sterili- 
zation, which must be carefully controlled. If the Arnold sterilizer 
is used, i.e., streaming steam, the time of exposure should not exceed 
twenty minutes on three successive days. If the autoclave is used, an 
exposure of ten minutes at ten pounds’ pressure is sufficient, if the tubes 
are small. In either case the tubes should be packed loosely in the 
baskets, to permit rapid and uniform heating. Mudge-* has shown 
that the temperature to which the sugar medium is submitted is less 
important than the time, and he finds that there is less hydrolysis of 
the sugar when the medium is sterilized in the autoclave than when it 
is sterilized in the Arnold. As a rule ten minutes’ exposure to ten 
pounds’ pressure in the autoclave gives a satisfactory medium. As an 
indicator of the reaction of the medium either Andrade or brom-cresol- 
purple will be found superior to litmus. 
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Cultural Characteristics of the Dysentery Bacillus . — ^The dysen- 
tery bacillus is about the same size as the typhoid bacillus, the dif- 
ference being that it is slightly shorter and thicker. In a stained prepa- 
ration from a pure culture considerable variation in size and shape 
is seen, many bacilli being so short and broad that they resemble cocci. 
The organism stains readily with all the usual dyes and is regularly 
Gram-negative. In hanging drop preparations an active brownian 
movement is seen but no true motility. The absence of motility is readily 
demonstrated in cultures made in the semisolid medium of Hiss, which 
shows that the bacillus is unabie to grow away from the line of inocula- 
tion and consequently leaves the medium clear, in contrast to the motile 
typhoid bacillus, which causes a diffuse cloud throughout the medium. 

Gelatin is not liquefied. On agar plates the colonies resemble typhoid 
colonies, yet are much smaller and grow less rapidly; they are more- 
over much more sensitive to the reaction of the medium. Luxuriant 
cultures on agar plates have a characteristic odor. Milk is not coagu- 
lated, but shows a primary acidity with a subsequent reversion to 
alkalinity. 

None of the dysentery cultures produce gas in glucose fermentation 
tubes. The remaining cultural reactions vary so much with the different 
strains of the organism that each must be considered separately. 

Toxin Formation , — Kraus and Doerr,^** and Todd^® have shown 
that the Shiga strain, unlike the other members of the typhoid-colon- 
dysentery group, are able to produce a soluble toxin of great power. 
The soluble toxin is not only fatal to laboratory animals, but reproduces 
in them many of the lesions of the disease, which are comparable to those 
found in human beings. The toxin is usually obtained by filtering young 
broth cultures, but a potent toxin may be obtained by emulsifying agar 
cultures in salt solution, shaking, for a short period, and then filtering. 
It will withstand a temperature of 60® or 70® C. for one hour, but is 
destroyed at 80° if exposed for the same length of time. 

The toxin, as will be seen from the symptoms, exerts its effect upon 
the mucous membranes of the colon, conjunctiva and urethra, on the 
nervous system, and on the synovial and pleural membranes, and it is 
probably, therefore, a complex body, consisting of two or more toxins. 

Therapeutic Antidysenteric Serum . — This was formerly prepared by 
inoculating horses subcutaneously with cultures or filtrates of cultures, 
over long periods of time — nine months or a year. Recently Plexner and 
Amoss'^^ described a rajiid method which makes it possible to bring a 
horse to the productive stage in as short a period as ten weeks. The es- 
sential points in this method consist in giving three intravenous injec- 
tions of toxins, or of killed, and finally of living, cultures on three suc- 
cessive days, followed by a period of seven days’ rest, when the three 
successive doses are repeated and the animal is again allowed to rest. By 
alternating in the use of Shiga and Plexner-“Y” strains, a potent 
polyvalent antidysenteric serum which will have a high agglutination 
titer and which will protect laboratory animals against lethal doses of 
cultures can be produced in a relatively short time. 
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Taihogemciiy for Animals . — Except perhaps in the case of monkeys 
it has been impossible to reproduce the disease in animals by feeding 
experiments. By inoculation with both living and killed cultures, how- 
ever, dysenteric lesions can be produced in most laboratory animals. 
The toxin is particularly fatal to rabbits; they develop a paralysis of 
the hind quarters, which is quickly fatal. The intestinal lesions can also 
be reproduced : swelling, injection, hemorrhages, necrosis, ulceration 
and, in occasional cases, scar formation may be seen. 

Differentiation of True Dysentery Bacillus from. Allied Organisms . — • 
The rapid and exact differentiation of the true dysentery bacilli from 
allied organisms has been attempted in various ways, and the classifica- 
tion given by Andrews-® in 1918 seems quite satisfactory. 

Cultures die out very quickly on ordinary media, but Andrews finds 
that it is possible to preserve them on Dorset’s egg medium in sealed 
tubes; he has succeeded in keeping them alive on this medium for 
months, merely by paraffining the cotton stopper. 

As a basis for his sugar media he used the ovomucin suggested by 
Winter.^® 

The medium consists of 45 grains of dried commercial white of 
egg, dissolved in a liter of cold water. It is steamed in the Arnold to 
coagulate the albumin and globulin, and filtered while hot until clear. 
One-half per cent, of sodium chlorid and the same amount of the sugar 
to be used is added, together with a suitable indicator; Andrade serves 
very well. The mixture should be pink while hot, but colorless when 
cold. The sugars found desirable for a satisfactory differentiation were 
glucose, lactose, mannite and dulcite. Andrews does not consider that 
sucrose or maltose is necessary. 

The acid agglutination test of Michaelis®® also proved decidedly 
useful in his practice. Six stock solutions are made up as follows : 



Normal NaOH 

Normal Acetic Acid 

Distilled Water 

(1) 

5 c.c. 

7.5 c.c. 

87.5 c.c. 

(2) 

5 c.c. 

10.0 c.c. 

85.0 c.c. 

(3) 

5 c.c. 

15.0 c.c. 

80.0 c.c. 

(4) 

5 c.c. 

25.0 c.c. 

70.0 c.c. 

(5) 

5 c.c. 

45.0 c.c. 

50.0 c.c. 

(6) 

5 c.c. 

85.0 c.c. 

10.0 c.c. 


For the test a 24‘ hour agar culture is suspended in 20 c.c. of dis- 
tilled water: 3 c.c. or a smaller proportionate quantity is put into each 
of 6 tubes, then a drop of protein solution is added — a 10 per cent, 
solution of human serum is satisfactory — and to this finally is added 1 
c.c. of each of the stock solutions listed above. After mixing, the tubes 
are incubated at 27° C. for two hours, and, after half an hour more 
at room temperature, are read. With this method true dysentery bacilli 
show no agglutination, while the related organisms are all distinctly 
clumped, often in all of the tubes. Murray is quite unable to accept 
this agglutination test, and it seems improbable that it will continue to 
be used. 

VOL.. IV. — 26. 
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Agg^lutination in specific monovalent sera, when carried on properly 
to the full titer, must of course be used in any system of identification 
of these organisms. The reaction must however be carried out system- 
atically, since neither a positive nor a negative agglutination test will 
of itself establish the diagnosis. For example, some Plexner-‘‘ Y’^ strains 
may not agglutinate in any available serum, and on the other hand, 
nonrelated organisms, particularly Bacillus coli, may agglutinate to the 
full titer of the serum. However, when unrelated organisms are ex- 
cluded by cultures and all the conditions are properly controlled, the 
agglutination test will establish the identity of the culture in question. 

Andrews recognized the Shiga and Flexner-“Y’’ types as true dys- 
entery bacilli, and vseparates from them three related organisms called 
by him, Bacillus ambiguus (Schmitz’ bacillus), Bacillus aXkaZescens, and 
Bacillus dispar. lie gives his results in the following table: 





1 
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Further work has been done by Murray®^ on the serological reactions 
of the dysentery group, and his conclusion is briefly that the dysentery 
group can be divided primarily by cultural reactions into four classes: 

(1) Bacillus dysenterice (Shiga) . 

(2) Bacillus ambiguus (Schmitz’ bacillus). This is like the Shiga 
type, except in the serum reactions and in producing indol. He accepts 
it as pathogenic. 

(3) Flexner-^^Y.^^ This class contains several varieties which can- 
not be separated by cultural reactions, but which are evident serologi- 
cally. 

(4) Bacillus dispar of Andrews (Class E of Kruse). This or- 
ganism, besides fermenting glucose and mannite, produces acid in lac- 
tose after long incubation — ^sometimes as long as 14 days — ^and there is 
sometimes a late clot in milk. 

We see therefore that the dysentery group has been enlarged as the 
result of the investigations carried on during the war, that Class 2 of 
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Murray (Bacilltts ambigmcs of Andrews) has been added to the Shiga 
or non-mannite fermenting type, and that Class 4 of Murray {Bacillus 
ddspar of Andrews) has been added to the mannite fermenting type, 
and further, that Plexner-* ‘ Y ’s ' ’ and nearly related strains (Class 3 
of Murray, and Flexner-‘ ‘ Y ’ ’ of Andrews) have been consolidated into 
a single class. Murray’s four classes can be arranged as follows: 


Bacillus dysenteriw (Shiga) Class 1 

Bacillus ambiguus (Schmitz) Class 2 

Bacillus dysentericB Flexner-^Y^* Class 3 

Bacillus dispar Class 4 


Para -agglutination is an expression which has come into use to ex- 
press the fact that bacteria other than those used as the antigens in pro- 
ducing the sera will sometimes be agglutinated. For example, Bacillus 
coli isolated from a case of dysentery may be agglutinated in Shiga serum 
in as high a dilution as the Shiga itself. It has been staled (Pratzek^^) 
that Bacillus coli and even intestinal cocci may acquire the property of 
being agglutinated by specific dysentery or typhoid serum, when grow- 
ing in tlie body in association with these pathogenic organisms. The 
inference, on finding para-agglutinable bacteria, is that further search 
will reveal the causative organism, or that the patient’s serum will ag- 
glutinate it. Although the direct value of these observations is prob- 
ably not great, it does serve to emphasize one of the pitfalls of aggluti- 
nations in this group. It must not be overlooked that a positive aggluti- 
nation of an unknown organism in dysentery serum does not identify 
the culture as Bacillus dysenterice, and that complete cultural study is 
always necessary. The para-agglutinins are not group agglutinins, as 
can be shown by absorption reactions. Furthermore, the para-agglu- 
tinable bacilli may lose this property on repeated transfer to culture 
media. 

Pathogenesis. — As with other enteric diseases, the infectious agent 
enters through the mouth with contaminated food, or drink, or is con- 
veyed to the mouth on the fingers. It passes through the stomach and 
begins to multiply in the small intestine, where the bacilli can be found 
in enormous numbers. As they increase in number one or more toxins 
are produced which are absorbed into the circulation. One of the toxins 
is excreted by the mucous membrane of the colon, and in passing through 
its walls, produces characteristic changes and gives rise to the dysenteric 
symptoms. 

Flexner and Sweet^^ made extensive studies on the pathogenesis of 
the disease, and demonstrated quite conclusively that the endotoxins, 
which are elaborated in the course of the disease by autolysis of the 
bacilli in the small intestine, are absorbed, with the aid of the bile, from 
both the small and large intestines. In rabbits with or without section 
or ligature of the ducts, absorption of a toxin capable of producing 
lesions in the colon does not take place, although without the bile the 
neurotoxin is absorbed in sufficient quantities to produce death from 
paralysis. 
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After absorption into the blood, the toxin is excreted by the mucous 
membrane of the colon, which is greatly damaged in the process. The 
lesion, as shown in sections of the colon from early cases, begins in the 
submucosa around the blood and lymph-vessels rather than on the sur- 
face. The lesion and the pathological process resemble, in fact, those 
in mercurial poisoning, from which they differ only in intensity. 

Symptomatology. — Clinical History. — Period of Incubation. — The 
exact period is not well established, but there is abundant reason for 
believing that it is short. Strong and Musgrave report that it is prob- 
ably less than forty-eight hours in the Philippines. Older statements 
giving periods as long as seven days are probably incorrect. 

Mode of Onset. — The disease usually begins suddenly, often with 
rigors, headache and vomiting, particularly in the severer forms found 
in the tropics and southern regions. Prom the beginning it is char- 
acterized by great prostration. Even on the first day of the disease 
the patient may appear extremely ill and exhausted. The temperature is 
usually only slightly elevated, although it may reach 103^ or 104° F., 
and it does not show a characteristic curve. A continuously high tem- 
perature or marked irregularity in the curve may indicate the onset 
of some complication. The pulse is increased in frequency and is quite 
small. 

Course of Disease. — The tongue is heavily coated, and as the disease 
progresses it becomes swollen and shows the imprint of the teeth. If the 
mouth is not well cared for the coating increases and becomes brown 
and dry; coating is less in evidence in subacute and chronic cases, and 
the surface may become bright red, smooth and shining like a piece of 
fresh beef. The swelling continues to be prominent until well into con- 
valescence. 

The characteristic symptoms are of course the frequent bloody stools 
and the abdominal pain, accompanied by great prostration. The num- 
ber of stools is always large and may reach thirty or forty a day for 
short periods, except in the acutely toxic cases, when death may occur 
without much change in the number or character of the stools. The stool 
itself is quite characteristic, and at the height of the disease is quite 
unlike the stool in any other disease, "'not excluding amebic dysentery. 
It is small and consists exclusively of blood and mucus, without a trace 
of fecal matter. Under the microscope — and dysenteric stools ought 
always to be examined microscopically, on the chance of finding ameba, 
flagellates or cilia tes — one sees red blood-cells in enormous numbers, and 
epithelial cells in masses as they are thrown off by the mucous mem- 
brane. These are often to be recognized as columnar epithelial cells, ar- 
ranged like closely set pickets on a fence, like a typical text-book picture. 
In addition single epithelial cells in all stages of swelling, degeneration 
and necrosis are seen; the single swollen cells are often roundish and 
suggest at first quiescent amebae, but they do not possess the power of 
motion, or the ability to send out pseudopods, like amebae. They may 
also be readily distinguished from amebic cysts by the large size and 
different character of their nuclei. If stains are added to the stool. 
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such as Donaldson’s stain, as used by Kofoid,*® it will be noted that 
the degenerated and necrotic epithelial cells take up the eosin readily, 
in sharp contrast to the amebae, which are stained yellow with the iodin. 
Everywhere through the microscopical field are enormous numbers of 
leukocytes. These various elements are embedded in masses of glairy 
and stringy mucus. As the disease progresses and increases in severity 
the character of the stool changes from that described above ; the epithe- 
lial masses increase in size until one sees sloughs of large ulcers, or even 
a pseudomembranous cast of the entire circumference of the gut. Under 
the microscope it is no longer possible to make out the structure of the 
epithelial cells, since the entire mass is coagulated and necrotic. The 
fluid part of the stool is no longer watery but serous, and dark from 
altered hemoglobin. Such stools are extremely offensive. 

A single stool is often no more than a teaspoonful, yet the patient 
complains of an incessant desire to go to stool. Vesical tenesmus is also 
a frequent and troublesome symptom. As a result of the excessive loss 
of fluid from the body, the patient complains bitterly of thirst, and 
the need for liquids in treatment is apparent. 

In very severe infections, and where the case does not come under 
treatment early, the patient becomes more and more prostrated and 
toxemic, and death occurs in the first few days. 

Some cases have a striking resemblance to cholera. The onset is 
sudden, the prostration marked, the stools are frequent and very wa- 
tery, and soon become of the consistency of rice water; the face and 
hands, because of the great loss of fluids from the body, quickly become 
shriveled and shrunken, and the abdomen sunken and boat-shaped. 
In the presence of cholera it is, of course, impossible to make a differ- 
ential diagnosis on clinical grounds alone, and such cases are treated as 
cholera until bacteriological examinations have shown the safety of re- 
leasing them from observation. 

Milder cases, and those which come under treatment early, may be- 
gin to improve toward the end of the first week ; the stools become less 
frequent, and change in character, becoming less bloody and more fecu- 
lent, showing some staining with bile. 

The pmn, which is so important a symptom of the disease, manifests 
itself in two forms: tormina and tenesmus. Tormina or griping pains 
(cramps) are felt anywhere in the course of the colon, although they 
are usually localized in the transverse colon. They occur also during 
the course of the acute digestive disturbances where the colon is healthy, 
but in dysentery they continue to occur after the gas and offending food 
have been passed, and are then probably due to spasmodic contractions 
of the muscular coat of the inflamed and swollen colon. 

Tenesmus is essentially an exaggeration of the usual sensation felt 
when the bowels are evacuated; due to the inflamed condition of the 
sigmoid and rectum the sensation becomes an intense and penetrating 
pain, recurring after every stool, no matter how small. 

Vesical tenesmus does not depend upon the severity of the dysentery, 
but may appear in even the milder cases, and when marked may lead 
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to retention of urine. In the case of children and of stuporous cases, 
special attention must be paid to the bladder and catheterization must 
be performed when needed. 

The urine is socmty, highly colored, and of increased specific gravity. 
It frequently shows the presence of albumin, hyaline and granular casts 
and, in rare cases, of red blood-cells. The liver and the bile-ducts may 
be involved, and jaundice may appear. The spleen may be enlarged 
and tender. 

In adults the disease is usually self-limited and runs its course in 
from ten days to two weeks, but some cases become subacute and last 
for a month or more, and of these a few become chronic and last for 
months or years with periods of remission. 

In infants the character of the stools varies greatly. Blood is 
usually present, although not in every stool, either in small specks or 
streaks on the surface of the mucous masses, or as fluid blood ; the stool 
may consist entirely of blood and mucus. Mucus is always present, 
often in large quantities, either alone or mixed with curds and undi- 
gested food. As a rule the stools are green in color, and may be quite 
numerous. Their passage is regularly accompanied by tenesmus, al- 
though careful observation is necessary to detect the symptoms in some 
cases. 

The duration of cases of infantile dysentery which recover varies 
from one to four weeks; death occurs most frequently during the first 
or early in the second week, although the illness may end in death after 
as long a period as six weeks. 

Relapses occur, comparable to those in typhoid fever, but they are 
not common or clean cut. 

L. Jacob has described a series of cases iji which the temperature 
rose on the nineteenth to the twenty-second day. The period of normal 
temperature preceding the relapse varied from one to three weeks. The 
intestinal symptoms were absent, or the stools were milky, amounting to 
little more than a diarrhea. Nevertheless, he isolated both Shiga and 
Flexner-“Y’’ strains from the stools during the relapse. In spite of 
the mildness of the intestinal symptoms, the fever, malaise and anorexia 
were marked. Headache and joint pains were frequently present and 
severe. Relapses after surgical operations (for hernia) have been re- 
ported ; the thorough purgation preparatory to the operations seemed 
to be the exciting cause. 

At the beginning of the attack the abdomen is distended, but later 
it is sunken and boat-shaped ; palpation of the colon is painful through- 
out the course, but particularly over the sigmoid, cecum or tho flexures. 

Chronic Cases , — The symptoms do not differ from those of the acute 
form except in their severity. The patients are greatly emaciated; in 
fact, some become mere skeletons before they die. On the other hand, 
there are periods of remission during which the patient seems to have 
entirely recovered. Fletcher and Mackinnon * call attention to the dif- 
ference in the symptoms between Shiga and Flexner-“Y’’ cases, which 
consists principally in the severity of the symptoms present Without 
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exception the patients with the Shiga type were very sick, greatly 
emaciated, and suffered from mental depression. They had frecpient 
stools, usually containing blood and mucus. The Flexner-* ‘ Y ' ^ patients, 
on the other hand, usually looked well, and were often well nourished 
and had remissions during which the stools were normal. Such men 
were quite capable of doing ordinary work, and in civil life, where they 
could choose their occupation, would get along quite well. 

Diagnosis. — The diagnosis of dysentery is readily made, but to dif- 
ferentiate this disease from amebic or balantidial dysentery is not pos- 
sible on clinical symptoms and signs alone. The fresh stool, as soon 
as possible after it is passed, should be examined under the micro- 
scope, in order to exclude the dysenteries which are due to amebae 
and other animal parasites. The description of the microscopical ap- 
pearance of ameboB in dysenteric stools will be found under the subject 
of Entamebie Dysentery, and will not be referred to further 
here. It is true that the ameba of dysentery, in the summer in the 
North and all the year round in the tropics, will preserve its motility 
for several hours. While vacuum bottles or water-heated containers 
are desirable for the preservation of specimens, they are not absolutely 
essential. 

The serum reactions are not of much practical value in diagnosis, 
since agglutinins, for example, do not become evident in the patient’s 
serum until relatively late in the disease. They are rarely present be- 
fore the end of the first week, and usually not until the second week, 
and may not appear until the third or fourth week. Bacteriological 
examination of the stools is of more value, not so much in diagnosing 
bacillary dysentery, since that can be done by excluding ameba and 
other animal parasites by repeated microscopical examinations, as in es- 
tablishing the identity of the particular member of the dysentery group 
which is the causative organism. The severity and prognosis are much 
worse in those dysenteries due to the Shiga bacillus than in the forms 
due to other members of the group. Details of the laboratory methods 
in use will be found in the first part of this chapter. 

The agglutination reaction is of inestimable value in epidemiological 
investigations of outbreaks in hospitals, institutions and communities, 
since many mild, unrecognized cases occur, w^hich could not otherwise be 
diagnosed or identified. The length of time that agglutinins are present 
in the blood after an attack is not well established, but reports show 
that they may be present for six or seven weeks, and probably for a 
much longer period. Agglutinins may be present long after all bacilli 
have disappeared from the stools. 

Differential Diagnosis. — Frequent stools with blood, mucus and 
tenesmus are caused not merely by the dysentery bacilli but also by 
organic diseases of the rectum and colon, such as carcinoma, adenomatous 
polypi, tuberculosis and syphilis. These conditions must be excluded 
by physical examination and by the history of the onset. 

Toward the end of a dysentery epidemic caused by a polluted public 
water supply, cases of typhoid fever are apt to appear, as has been 
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shown hy Hunt. The pollution of a water supply by sewage would 
naturally be expected to reproduce all the water-borne diseases which 
were present in the community from which the contaminating sewage 
came. Attention must therefore be directed to the possibility of a change 
in the type of infection. Because of the length of the illness and the 
higher mortality, the second or typhoid epidemic may overshadow the 
finst or dysenteric outbreak. 

Dysenteric symptoms are common in other diseases, and each of 
these must in turn be excluded before a presumptive diagnosis of bacil- 
lary dysentery is established. Malaria, kala-azar and infections with 
the ciliates, such as Balamtidium coli, and with the flukes, Fasciolopsis 
bmkii, Schistosoma japonicvm and Schisiosoma mansoni. These all pro- 
duce dysenteric symptoms and are rather easily excluded by proper 
laboratory examination. The exclusion of amebic dysentery is not al- 
ways so easy, although close attention to the clinical history, with its 
slow rather than rapid onset, the character of the stools, and the pres- 
ence of the ameba in the discharges should make the diagnosis clear. 
The problem would be easy were it not for the presence of the Entameha 
coii, and of other non-pathogenic species of entamebae which render 
careful examinations by an experienced worker quite necessary. 

Intestinal disturbances due to eating spoiled food have an acute, 
stormy onset, and the patient shows great prostration, but the stools 
are large, fecal and offensive, and lack the dysenteric character. 

Foreign bodies, such as fish and small bones of chickens, when lodged 
in the rectum may cause the evacuation of stools containing blood and 
mucus, and pain, but the other symptoms of dysentery are lacking in 
such cases. 

In the case of children, intussusception causes an acute illness with 
great prostration, pain, rapid pulse and stools containing blood and 
mucus. This condition should be considered in making a diagnosis. 

It should not be forgotten that acute bacillary dysentery and some 
one of the diseases mentioned above may exist in the same patient; for 
example, there are pathological specimens in the Army Medical Mu- 
seum showing the lesions of acute dysentery and chronic tuberculous 
ulceration side by side. 

Complications. — Excoriations of the skin surrounding the anus is 
the rule in severe cases. Prolapsus ani is not infrequent in severe 
cases, and is more apt to occur in children than in adults. In rare 
cases a further complication, ischiorectal abscess, may appear. 

The diphtheritic membrane in severe cases may extend from the colon 
to the bladder in men, but this is more commonly the case in women, 
where it may also involve the vaginal mucous membrane. 

During the Civil War and again in the Spanish- American War, 
and in occasional cases reported in the current literature, typhoid fever 
and dysentery have been known to coexist in the same patient, the symp- 
toms of dysentery being more or less obscured by those of typhoid, or 
vice versa. At autopsy the characteristic lesions of both diseases were 
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seen side by side. Most frequently the dysenteric symptoms preceded 
those of the typhoid, but terminal infections of typhoid patients do 
occur and constitute a very fatal complication. 

Joint Affections (Rheumatism, Rheumatoid Affections). — In some 
epidemics these conditions are not uncommon. Woodward reported 
many cases during the Civil War occurring among northern soldiers. 
In the World War many cases were reported. Usually there is an in- 
terval of three or four weeks between the acute attack of dysentery and 
the appearance of the joint lesion, which is not infrequently preceded 
by mild conjunctivitis, lasting a few days only, and by acute urethritis, 
which is also mild. 

The joint most commonly affected is the knee, often the ankle, and 
less frequently the toes. The upper extremities are not often involved, 
but the elbow and shoulder are sometimes attacked and the wrist and 
fingers in rare cases. As each new joint is involved there is a moderate 
rise of temperature. The heart shows signs of involvement in about 
one-third of the cases (Stettner®^) and greatly influences the prognosis. 
This group of symptoms is spoken of by French writers as the con- 
junctivo-urethro-synovial syndrome, and the intestinal group as the 
choleriform syndrome. 

Serous Membrane Affections. — The serous membranes may also 
be involved and transient effusions in the i^leura may appear. 

Nervous Affections. — The complications on the part of the nervous 
system are important, but they vary in their frequency in different 
epidemics and on the whole do not seem to be very common in cases 
occurring in the temperate zone, although they are numerous enough in 
the tropics. They are usually noticed in the second and third week of 
the disease, and may take the form of transient paraplegia or monoplegia, 
or of paralysis or paresis of isolated muscle-groups. Laryngeal paraly- 
sis is not infrequent. The nerves of the heart may be attacked by the 
toxin and a variety of symptoms ensue, the commonest of which is 
brachycardia. Hiccough and herpes labialis have also been reported. 

It is seen that the greater number of these complications are due to 
the absorbed neurotoxin and not to the multiplication of the bacteria 
at the site of the complication; the prognosis is therefore excellent. 
The paralyses pass off in a few months, and all symptoms of joint 
involvement, which are slower to improve, disappear in four or five 
months from the beginning of the illness. 

Sequelae. — In the older literature reports of scars from large ulcers 
in the colon are not uncommon; they contract in healing and cause a 
puckering, contraction and actual diminution in the size of the lumen 
of the intestine. Such cases are; however, quite rare. Woodward in 
his review of almost a thousand eases did not encounter any. 

Clinioal Varieties. — As Flexner pointed out in 1900 , the clinical 
terms, catarrhal, tropical, epidemic and diphtheritic, are far from sig- 
nifying sharply defined entities. Other terms are in common use, such 
as dysenteric diarrhea €uid chronic diarrhea, yet they merely describe 
the severity of the symptoms in a particular ease. Colitis hasmorrhagica, 



394 


BACILLARY DYSENTERY 


colitis necroticans, colitis pseudomembranacea, colitis nlcerosa and coli- 
tis fibrinosa are all stages in one and the same disease. 

In sporadic cases one may find any of the several varieties of the 
dysentery bacillus as the causative agent. In small contact outbreaks, 
presumably starting from a carrier, only one variety is apt to be found, 
while in the larger outbreaks, which occasionally occur, due to polluted 
water, any or all varieties may bo found in the same group of cases. 

Treatment. — Prophylaxis. — As has been pointed out under Etiol- 
ogy, in the presence of good sanitation and with average personal hy- 
giene, such as we find in the larger cities, the disease tends to disappear. 
In the presence of a case, careful attention to aJl the details of personal 
hygiene and sanitation of the sick room will tend to prevent the infec- 
tion of others in the same household. 

Special measures, such as vaccination and passive immunization 
with therapeutic sera, are theoretically correct, and under suitable con- 
ditions should give good results. Yet practical experience shows that 
these measures are rarely used and, in fact, are rarely necessary. Under 
special conditions, it is conceivable that vaccines might be useful, yet 
during the World War they do not seem to have been used systemati- 
cally, at least in the fields where American troops were used, and ap- 
parently in those fields they were hardly necessary, as dysentery on the 
western front was not, except for a short period, a serious disease. In 
the East, on the other hand, it was a very important disease, and vac- 
cines might well have been used. Detailed reports are not yet available 
and little is accurately known of the prophylactic measures adopted, or 
of their results. 

The vaccine itself is prepared in much the same way as the vaccine 
commonly used against typhoid fever, i.e., it is a suspension in salt solu- 
tion of killed dysentery bacilli of various strains, representing, as far 
as possible, the members of the group causing the epidemic. The Shiga 
bacillus secretes a soluble toxin and it cannot be used in as large numbers 
as others of the group. The vaccines should be given in two or more 
doses, usually three, at intervals of a week or ten days; an idea of the 
worth of any particular vaccine may be obtained by testing the blood 
of the immunized patient for agglutinins after the course of the pro- 
phylactic treatment. If the patient has been successfully immunized, his 
serum will show agglutinins for all of the varieties used in the vaccine. 

Sensitized vaccines are reported by Gibson®** and by Boehneke®® to 
be less toxic than the simple saline vaccine, and several favorable reports 
may be found, in the current literature. It is doubtful whether the 
diflFerence is* marked enough to justify the use of the repeated small 
doses of horse serum used for the sensitization. As immunizing agents 
they have no* special advantage, although the local and general reactions 
are no doubt less marked ; under some circumstances this may be a dis- 
tinct advantage. Quite recently lipovaccines, that is, suspensions of 
the bacilli in neutral oil, have been used by Olitsky^® and by Whitmore, 
Fennel and Peterson, but the trial has not been extensive enough to 
justify drawing conclusions at this time as to their value. 
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In hospitals a most important prophylactic measure is the isolation 
of the dysenteric cases from all others, and the institution of a ward 
technic which will prevent the spread of the infection to other patients 
or attendants. 

Teieatment of Acute Cases. — General Treatment . — Although many 
mild attacks occur, the disease should always be taken seriously, and 
the patient should be put to bed, on a simple, liquid diet and proper 
treatment, in this, as in the other acute infectious diseases, early treat- 
ment is of the very greatest importance, and there is good reason to be- 
lieve that the earlier the patient receives proper care, the better the prog- 
nosis. The rest in bed should be complete, and the patient should use a 
bedi^an and not be permitted to get up to go to stool. Because of the 
great prostration, special attention should be paid to keeping the patient 
warm, and he should be given enough liquid to allay thirst. Rice and 
barley water are satisfactory drinks, and strained gruels, whey, albumin 
water and clear soups may be given as bland and liquid foods. When 
vomiting is troublesome, nothing should be given by mouth, but tiuid 
should be supplied by enemas or by subcutaneous administration of 
salt solution. 

Most important is early purgation, and usually when this is possible 
the disease can soon be brought under control. The best purgatives are 
the salines, magnesium or sodium sulphate, or sodium phosphate, and 
there seems to be little real choice between them ; they all act on the 
colon and clear it of irritating fecal matter, desquamated epithelium, 
mucus, and inflammatory exudate, and of the toxic products produced 
by the dysentery bacillus, and the necrotic and fermenting products of 
the inflammation. Unless these are removed completely and as fast as 
they are reformed there is little chance of freeing the patient from the 
exhausting toxemia. It should be remembered that the bacteria do not 
invade the tissues and that they arc not found in the blood, but occur 
only in the intestinal tract, principally in the lower ileum and the colon, 
and that the profuse watery exudate from the mucous membrane and the 
resulting frequent stools are the response of the body to the dysenteric 
toxin. Our purpose must be therefore to aid in the rapid and complete 
elimination of the irritating and toxic contents of the colon, and this is 
best accomplished by frequent small doses of magnesium sulphate or 
other saline. It is usually given in 8 gram (2 dram) doses, dissolved in 
an ounce of water, every two hours until the stools lose their dysenteric 
character and become feculent; then the dose may be reduced one-half 
or more and continued for another day. 

In Japan, Egypt, to a certain extent in India, and in this country, 
calomel has been used in place of salines. Plehn recommends an initial 
purge of castor oil, followed by half grain (0.0324 gram) doses of 
calomel hourly until 12 grains (0.78 gram) have been taken during the 
day. Nothing is given at night, but on the second and third day the 
calomel is repeated, to be followed, as a rule, by bismuth subnitrate in 
half gram doses (7.7 grains) hourly for several days more, after which 
the dose may be gradually reduced. 
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Servm Treatment , — In this country scrum treatment has not been 
used extensively, perhaps because the severer forms of the disease are 
growing fewer each year. In the Army during the year 1917 there were 
688 cases of dysentery of all kinds among a total number of 678,579 
men, and of these 291 were entamebic. The ratios of the cases per 
thousand men were: for all dysenteries 1.01, for the bacillary form 0.10, 
for the entamebic form 0.43, for unclassified forms 0.47. The deaths 
were 4 in all, of which 1 was charged to the bacillary and 3 to un- 
classified forms. 

An extensive trial of serum in the treatment of infantile dysentery 
was reported in 1904 by L. Emmett Holt and Simon Flexner,** who 
showed that out of 83 cases in which the serum was used 38 were fatal, 
and that in only 12 cases did a noteworthy improvement follow the 
administration of the serum. They did not regard the trial as complete 
or final, yet very little has been done in this country since that time. 

In Japan and the far east, where dysentery in its most severe forms 
is still relatively common, the reports are quite different. The scrum is 
used from the beginning of treatment to get the best results, as, is the 
case with all antitoxic sera. An initial purge of castor oil or salts 
should not be omitted, nor is there any reason why, if the case demands 
it and improves under it, the saline treatment already referred to should 
not be combined with the use of therapeutic serum. As it is impossible 
to make a bacteriological diagnosis of the variety of the bacillus in much 
less than a day and a half or two days, it is not practicable to use uni- 
valent serum in treatment; therefore, a polyvalent serum is in general 
use. It is prepared by the injection into horses of several representative 
strains of the dysentery group. The serum is best given to the patient 
in large doses under the skin of the abdomen or flank, with the usual anti- 
septic precautions. Shiga’s rules for its administration are as follows: 

(1) In mild cases give one dose of 10 mils. 

(2) In cases of medium severity give two doses of 10 mils each at 
intervals of six hours. 

(3) In severe cases inject 10 mils twice a day at intervals of six 
hours for two or three consecutive days. 

The tendency is to increase the size of the dose, and 40 and even from 
60 to 100 mils has been given daily in severe eases. In very toxic cases 
the serum has been administered intravenously or intramuscularly; by 
the latter route absorption is very rapid. Finlayson*® is particularly 
positive about the value of large doses ; he gives 100 mils of serum intra- 
venously, followed if necessary by another dose of equal size in twenty- 
four hours; subsequent doses are smaller, about 40 mils, and may be 
given subcutaneously. When the serum is effective the good results are 
noted promptly, and as much as 300 or 400 mils have been given in 
severe cases, resulting in recovery. In order to avoid an anaphylactic 
shock, about 5 mils of the serum should be given to the patient upon 
his admission to the hospital. 

Serum disease is very apt to follow the administration of these large 
doses of horse serum, and the patient may show urticarial eruptions and 
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suffer from pain and swelling in the joints. When the symptoms are 
severe some relief may be obtained by the administration of calcium 
chlorid in doses of 1 or 2 grams (15 to 30 grains). 

The subsequent treatment of acute cases is the same, regardless of 
whether or not serum has been administered at the beginning. As soon 
as the blood and mucus have disappeared from the stools and they have 
become feculent in character, the time has arrived for the administration 
of astringents, the best and principal of which is bismuth subnitrate, 
alone or combined with salol, or with some similar intestinal antiseptic. 
The bismuth should be given in rather large doses, 2 or, better, 4 grams 
every four hours (30 to 60 grains). 

Dysentery Vaccine Therapy. — Rathery, Ranque and Roux have 
reported favorable results from the use of polyvalent stock dysentery 
vaccine in the treatment of acute and chronic cases, and note that in 
cases in which serum therapy has had little effect, the supplementary 
use of their vaccine produces good results. The vaccine contains 50 
million bacteria per mil, and the organisms are killed by the addition 
of iodin, which is subsequently neutralized by the addition of sodium 
hyposulphite. 

Local Treatment . — ^For the pain and abdominal discomfort it is well 
to apply heat, in the form of a hot water bag or hot fomentatians. The 
tenesmus may be so disturbing that morphin must be given hypoder- 
matically; or opium suppositories [% grain (0.032 gram)] may be sub- 
stituted. Atropin will often give relief when the pain is severe. It 
is well, however, to avoid the use of opium and morphin as much as 
possible in the treatment of this dieasc. As has already been stated, 
it is an acute infectious disease, as a rule self -limited in duration (most 
cases run their course in eight or nine days). The bacilli secrete a toxin 
which is formed in the intestine, absorbed, and again excreted by the 
colon. During the height of the disease the administration of opium 
or of any other astringent, by suppressing the excretions, tends to in- 
crease the absorption of the toxins and so to make the case more severe. 
After the acute toxic stage has passed, the intestinal tract is left in a 
state of acute catarrhal inflammation, and for the treatment of this 
condition bismuth and other astringents are necessary. 

In severe cases which do not show improvement by the third or 
fourth day, or in cases in which the stools become serous, rather than 
feculent, it may be necessary to stop the salines and to treat symptoms 
as they arise. Such cases are apt to do badly, and aside from the use 
of specific serum there is little more to be done, in the way of general 
treatment. Local treatment of the colon, however, may give good results. 

Enemas of warm normal salt solution are stimulating to the patient, 
and usually result in giving him a few hours’ rest, undisturbed by fre- 
quent movements or tenesmus ; in many cases they seem to be of distinct 
value. Incidentally it is worth remembering that the saline solution 
washings of the colon are particularly good laboratory material for the 
isolation of the bacillus. Enemas of silver nitrate^ as described under 
the Treatment of Chronic Cases, are often effective. Brill^® reports 
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the treatment of a series of cases with serum in large doses, which im- 
proved under treatment. Being unable to obtain additional serum he 
substituted enemas of silver nitrate. The mortality of the two series 
of cases was the same, while a shorter period of convalescence followed 
the silver nitrate treatment and only one case of recurrence was noted 
after this treatment. If collapse is threatened, subcutaneous injections 
of warm saline solution must be given. They should also be given when 
nausea and vomiting are troublesome and when it is impossible to supply 
the necessary quantity of fluid to the body by mouth or by enemas of 
warm saline solution. 

In excoriations of the skin surrounding the anus which complicate 
the disease in severe cases, soft absorbent cotton may be substituted 
for toilet paper to advantage. The skin itself should be washed with 
soap and water, and alcohol, and be protected with a dusting powder. 

In prolapsus ani, the i)rolapsed part should be reduced by pressure 
with compresses moistened in warm saline solution. Ischiorectal ab- 
scess, which may appear, should be treated according to the usual 
surgical principles. 

Treatment op Chronic Cases. — The first and most important point 
in the treatment of a case of chronic bacillary dysentery is to be quite 
sure of the diagnosis. This is never quite so simple as in entamebic 
dysentery, where finding Entameha dysenterice clinches the diagnosis. 
The various diseases mentioned under Differential Diagnosis must each 
be excluded by appropriate examinations, and finally the dysentery 
bacillus concerned must be isolated in pure culture and tested against 
the patient’s serum for the presence of agglutinins, together with a 
known culture of the proper strain of the dysentery bacillus as a con- 
trol. Work of this character presents many technical difficulties, but 
it can be done by the laboratories of the better hospitals and boards of 
health. Clinicians will in the end save much time to themselves and 
the patient by availing themselves of these facilities. 

General Treatment , — It is characteristic of the chronic cases to pre- 
sent alternating periods of remission and exacerbation. During the 
relapse the treatment should be the same as for the acute cases; during 
the subacute and chronic stages, the diet must be carefully controlled 
and the patient confined to bed. Milk, either plain or boiled, pepton- 
ized or fermented, full strength or diluted with Vichy water, lime water, 
or gruels, must be the mainstay of the diet. Whey, beef juice, thin 
soups and eggs or, in some cases where the whole eggs cannot be digested, 
the white only, may be added early; later, dishes made from milk and 
eggs, and milk toast may be added gradually. Fruit must not be given 
until late, except for the juice of oranges and lemons. All these and 
similar fluids are best given in small quantities at frequent intervals, and 
should preferably be neither hot nor cold but about body temperature. 

Drugs administered by mou,th are not of great value, yet castor oil 
in small doses from time to time produces good results. Among the 
astringents bismuth subnitrates has already been referred to ; it should 
be given in large doses, from 2 to 4 grams (30 to 60 grains) three times 
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daily. Opium and morphin should be avoided, for the reasons already 
given and because of the danger of forming a habit by their continued 
use in chronic cases. 

Local Treatment . — Local treatment of the colon should be carried 
out if a proctoscopic examination of the rectum shows ulcers, or if trial 
treatments are followed by appreciable benefit. The vogue of local 
treatment in the past may possibly have been due to the failure to 
differentiate between bacillary and entamebic dysentery, since in the 
latter disease ulcers low enough down in the rectum to be seen through 
the proctoscope are common and respond well to irrigations. 

The simplest of the irrigating fluids is a cleansing one of normal 
saline solution given at body temperature in quantities of a few ounces, 
at first, and retained as long as possible. Later, as the colon becomes 
less sensitive, larger and larger quantities up to two liters may be given. 
Silver nitrate solution, beginning at a strength of 1 to 5,000 and in- 
creasing to a dilution of 1 to 500 has been used ever since the Civil War, 
and has given good results. Other astringents may be used from time 
to tifne, such as alum in a 2 per cent, solution, tannic acid, 3 per cent., 
salicylic acid, 1 per cent., or boric acid, 2 per cent. All irrigations must 
be given with the fluid at the temperature of the body, and should be 
introduced slowly through a large soft catheter or soft rectal tube. The 
patient should lie on the left side, with the hips slightly elevated, and 
the enema should be retained as long as possible. 

Vaccine Therapy . — Vaccines are sometimes of value in the chronic* 
relapsing cases, and may be given in small, frequently repeated doses 
over a long period of time, until convalescence is established or, when 
no improvement is evident, until the patient is highly immunized as 
shown by an agglutination reaction with his blood serum. 

When all other measures have been exliausted a change of climate 
or residence will sometimes bring about improvement or a cure. From 
the tropics and the South patients are regularly sent to some more 
northern latitude. 

Diet duking the Attack. — This has already been referred to in a 
general way. It remains to be noted that milk, particularly in children., 
is generally agreed not to be a suitable food during the height of the 
disease ; broths, strained gruels, barley, rice and albumen water should 
be substituted for a time. This is particularly necessary when there is 
nausea, vomiting or other gastric disturbance. In milder cases and in 
those past the height of the disease, milk, diluted or modified for chil- 
dren, is necessary to keep up a fair state of nutrition and to prevent 
the great loss of weight which occurs on diets of low caloric value. 

When the patient is far enough convalescenced to tolerate them, fruit 
juices, fresh fruits and vegetables are very gradually added to the diet 
in increasing quantities to maintain the normal intake of vitamins. 

Prognosis. — The prognosis varies greatly in different epidemics and 
under different circumstances. In Japan and in the tropics the mor- 
tality reaches 30 per cent, of the cases. In the United States it is rarely 



400 


BACILLARY DYSENTERY 


so high. The mortality among children, and among the aged, is high, 
and as a terminal infection in other diseases it is, of course, very fatal. 

As regards chronic infections, the prognosis is not as good in the 
Shiga type of cases as in the Plexner-^ ‘ Y ’ ’ type. The patients with the 
former type are sicker, have fewer and shorter remissions, and are 
seldom able to carry on any occupation. Plexner-* ‘ Y ’ ’ cases, on the 
other hand, tend to improve, and so long as the patient has'^ood sur- 
roundings and suitable diet, he is able to carry on his work. In the 
Army, however, patients suffering from chronic or recurring dysentery 
are useless as soldiers, since they quickly break down whenever they 
take the field. The more robust may be given light duties under good 
surroundings in the home territory, but the others should be discharged 
from the service and sent to their homes, provided that they can be 
given proper medical care and that the health authorities will assume 
responsibility for them. To prevent the infection of others, they should 
be prohibited from handling food stuffs and be instructed in personal 
hygiene and taught the measures necessary to prevent the spread of 
the infection. 

The mortality varies much in different epidemics, and in different 
localities. According to the statistics of Lentz the mortality of Flexner- 
‘‘Y” infections averaged 0.5 per cent., although in occasional outbreaks 
it ran as high as from 8 to 13 per cent. ; in Shiga infections the mortality 
was usually from 10 to 20 per cent., although in certain severe epidemics 
it rose to from 35 to 50 per cent. In the case of children and of elderly 
persons the mortality is higher than the average. Where the severe 
forms prevail, as in Japan, the average mortality may be as high as 
30 per cent. 

Pathology. — The lesions are confined to the colon and, to a lesser 
extent, to the lower part of the ileum. Blood-cultures, except in 
very rare instances (Darling), are negative, and no metastatic infections 
are found in distant parts of the body. The lesion is most marked in 
the colon. In acute cases the entire extent of the mucous membrane 
is swollen and injected with small hemorrhagic areas scattered over the 
surface. The superficial epithelium is necrotic over large areas and 
comes off in masses, leaving a deeply injected base which may bleed 
easily. The lesions are most marked on the ridges or the folds of 
mucous membrane, but the characteristic which differentiates the bacil- 
lary from amebic dysentery, is the general diffuse character of the lesion. 
Ulcers may be absent or extremely minute, yet the whole lining mem- 
brane may be thickened, swollen, edematous and hemorrhagic, or the 
lesions may be well developed only in the sigmoid, splenic and hepatic 
flexures and in the cecum, where fecal masses tend to accumulate and 
act as mechanical irritants. In some cases a well-developed diphtheritic 
pseudomembrane will be found. In very acute, fatal cases the colon 
may show large or small areas of necrosis and gangrene. 

As the necrotic mucous membrane sloughs off, larger or smaller ulcers 
are left, which may become confluent with the extension of the process. 
The margin of the ulcer is irregular, but is never undermined to the 
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same degree as in amebic dysentery. The deeper ulcer may be seen at 
autopsy through the serous coat of the intestine, which is injected or 
discolored. Although occasional ulcers may be quite deep, perforation 
of the intestinal wall is quite unusual. 

The picture at autopsy does not in the least resemble dysentery due 
to the entameba, where the areas involved in the infection show deep 
ulceration and are isolated from each other, and surrounded by appar- 
ently healthy mucous membrane. 

Abscesses in the liver are almost unknown in bacillary dysentery, 
but are common in the amebic form. 

In the chronic cases, many and complicated changes will be found ; 
the glandular coat may be atrophied, or it may be thickened and thrown 
into corrugations or into irregularly disposed polypoid masses; it may 
also be replaced by scar tissue. Some cases may show small cysts from 
the retention of mucus. The connective tissue and the muscular coats 
may be hypertrophic or atrophic, depending, perhaps, on the state of 
the disease at the time of death. The ulcers may penetrate the mucous 
coat only, or invade the submucosa, or even the muscularis. In any 
case, the resulting inflammation leads to swelling, edema, hemorrhage 
and necrosis in the surrounding tissuejs, and ultimately to an increase 
in the thickness of the wall due to the over-production of connective tis- 
sue in the process of repair. It is the subsequent contraction of this 
newly-formed tissue which leads to irregularities in the size of the lumen 
of the colon, amounting at times to obstructing bands. When the inflam- 
mation has extended to the peritoneal coat, adhesions, more or less ex- 
tensive, naturally follow. 

The following is a condensed protocol of one of Plexner's autopsies 
done in Manila on an acute case : 

‘‘Death ensued on the sixth day of the disease. The colon is dilated 
and its walls are thickened. The serous coat is injected but otherwise 
normal. The mucous membrane is swollen and thickened and the 
normal folds are thrown into coarse elevated corrugations. The general 
color is red, but there are seen many small hemorrhagic points. No 
diphtheritic membrane is seen, but there is present an exudate which 
is readily washed oflf. The normal velvety character of the mucous mem- 
brane is lost and, on close examination, a number of minute ulcers may 
be seen, particularly . on the crests of the coarse corrugations. The 
lesions, as a rule, are not limited to given areas of the mucous membrane, 
leaving other areas normal, but the entire lining of the colon and of 
the lower end of the ileum is involved in the process.’’ 

In exceptional fulminating cases the bacillus is found in the blood 
stream by culture (Darling, Maer). The bacteriemia causes great pros- 
tration and toxemia, often with a slight temperature reaction, marked 
cerebral symptoms, and mild or absent abdominal signs; tenderness, 
pain and tenesmus may be slight or absent. At the autopsy, neverthe- 
less, extensive dysenteric lesions will be found. 

Many of the changes referred to above may be seen in Figures 1 and 
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Fig. 1. — Bacjllaby Dysentery (Sliijja). 

2. Both specimens are from the same ease of Shiga dysentery (Army 
Medieval Museum, A. E. F., 1429). The figures show swelling, necrosis, 
hemorrhagic areas and a pseudomembrane, which is pealing off, leaving 
a lighter colored base. In this case it will be noted that the lesions 
extend to the vermiform appendix and to the lower portion of the ileum 
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Fio. 2 . — Bacillary Dysenteby (Shiga). 


Case I. — The clinical history of the case is briefly as follows: 

“He was admitted to hospital August 10, 1918, with a diagnosis of 
^ under observation for appendicitis.' His illness began August 8, with 
a sharp, cramplike pain across the abdomen at the level of the umbilicus, 
followed two hours later by vomiting ; he has been vomiting at irregular 
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intervals since. Diarrhea for past four days with eight to ten stools 
a day. Has taken no food for past twenty-four hours; cannot retain 
food. Stools bloody and patient complains of burning sensation at 
defecation. Physical examination showed patient's abdomen to be 
flat. There is tenderness over ascending colon, but no rigidity. Prelim- 
inary diagnosis of intercolitis, severe, hemorrhagic. White blood-cells, 
at this time, 7,950. August 22, notes indicate that patient has had 
frequent small bloody stools with tenesmus. No leukocytosis. Reports 
of feces show much blood and mucus. August 26, Bacilliis dysenteric 
(Shiga) reported in culture from feces; the diagnosis was made on 
agglutination with specific sera and on cultural characteristics on dif- 
ferential media. 

^ ^ Peritoneal Cavity . — On opening the peritoneal cavity the collapsed 
flat condition of the gastro-intestinal tract was found to be remarkable. 
The small intestine and large intestine showed some congestion of the 
subserous vessels. The omentum was healthy in appearance and was 
well down over the coils of the small intestine. It was adherent along 
the descending colon and sigmoid. 

Pleural Cavities . — The pleural cavities seemed remarkably large 
in comparison to the size of the lungs. After removing the breast plate, 
it was found that each cavity was apparently empty. There was no 
evidence of fluid or exudate in either cavity. 

Pericardial Cavity . — The pericardial cavity was thin, and even be- 
fore it was opened one could see that there was excess of fluid in the 
cavity. This fluid was perfectly clear and of a pale straw color. There 
was nothing of an inflammatory character in the pericardial cavity. 

Heart . — The heart measured 10x8x4 cm. and weighed 163 grams. 
The heart was very small and flabby. This was especially marked in 
the right ventricle. The heart-muscle was pale and the cut surface was 
swollen. The left ventricle averaged only 1 cm. The valves showed 
nothing of special interest. The left ventricle measured 12.5 cm. 

Lungs . — The left lung measured 17.5x10.4 cm. and weighed 167 
grams. The lung was remarkably small and had a curious doughy con- 
sistency, although it crepitated throughout. The cut surface showed a 
pale, dry, apparently partially collapsed lung tissue, remarkable chiefly 
for its dense, almost meaty, and at the same time, soft structure and for 
its dryness. The trachea and bronchi w^ere clear. The peribronchial 
lymph-nodes showed caseous and calcified tuberculosis. 

"‘The right lung measured 20x14x4 cm. and weighed 160 grams. 
The right lung was in all respects like the left. 

‘^Spleen . — The spleen measured 12x7x4 cm. and weighed 162 
grams ; it was fairly firm. Its outline was most irregular. On section, 
the malpighian bodies stood out prominently from a red, firm spleen. 

Liver . — The liver measured 23 x 19 x 8 cm. and weighed 1599 grams. 
The liver showed notliing unusual on the surface and on section showed 
slight congestion and cloudy swelling. The gall-bladder was negative. 

** Gastro-intestinal Tract . — The stomach was small and contracted, 
with prominent rugae. It contained a quantity of gray-green materiaL 



PATHOLOGY 


405 


There was a little hemorrhage beneath the mucosa on the ridges of some 
of the folds. There was no evidence of ulceration. The small intestine 
contained a quantity of bile-stained mucus, but was otherwise negative 
throughout the duodenum, tlie jejunum and the first part of the ileum. 
The last 40 cm. of the ileum showed a tense congestion, most marked at 
the crests of the mucosal folds and about 20 cm. from the ileo-cecal valve ; 
small superficial ulcers with grayish-green necrotic membrane, covering 
their bases, were found. These were present in rapidly increasing num- 
bers and the last 10 cm. of the ileum showed extensive superficial ulcera- 
tion with a thick, opaque, grayish-green membrane which could be 
scraped away in the case of the smaller ulcers, revealing a rough red 
granular base. The appendix showed an intense swelling and intense 
congestion of the mucus and a few small ulcerations. The large intestine 
in the cecum showed less extensive ulceration than did the terminal 
portion of the ileum, but above the cecum and throughout the remaining 
extent of the tract there was an extremely intense ulcerative process 
with diffuse necrotic looking exudate similar to that previously de- 
scribed. At intervals a particularly congested fold appeared, denuded 
of its exudate. As the descending colon and cecum were reached, the 
exudate became more extensive and more dense, absolutely covering 
every portion of the mucosal lining. 

' ^ Pancreas. — Negative. 

Adrenals . — The cortex of the adrenals had lost its usual opaque, 
yellow color and was swollen and translucent with here and there an 
occasional yellow patch. The medullary substance was decreased in 
amount. 

Kidneys . — The left kidney measured 10x5x4 cm. and weighed 
135 grams. The kidney was rather small and soft. The capsule peeled 
easily, revealing a pale cortex on which the fetal lobulations were some- 
what prominent. The cut surface showed a pale, swollen tissue with 
some congestion of the capillaries and a general haziness of the usual 
markings. The right kidney measured 9.5 x 5 x 3.5 cm. and weighed 
113 grams. This kidney was like the left in all respects. In each in- 
stance, the pelvis and ureter were negative. 

Bladder and Prostate . — The bladder was distended with urine but 
was otherwise negative.’’ 

The change in the adrenals has also been noticed by Remlinger,*® 
in cases from the Argonne, and by many German and Austrian writers, 
usually, however, in connection with Flexner-“Y” dysentery. 

Case II. — Figure 3 is from a case of mixed entamebic and bacillary 
(Shiga) dysentery (A.M.M., A.E.F. 1428). The clinical data and au- 
topsy findings are as follows: 

The patient was admitted August 11, 1918, with a history of 
having had a severe diarrhea for the preceding six days, with bloody 
stools, cramps and vomiting. August 13th, cramps still present. About 
thirty bowel movements in the last twenty-four hours. August 16th, 
dianhea better, but still has very marked pain. August 20th, relapse. 
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Fig. 3. — Mixed Bacillary and Entamebtc Dysentery (Shiga). 

August 22iid, patient quite prostrated; frequent bloody stools with many 
clots. Temporary improvement followed administration of emetin, but 
the drug was continued without further beneficial results. Steady down- 
ward course, with rapid circulatory failure a few minutes before death. 
August 24th, 10.20 p. m., death occurred. 
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Pathological Findings in Oastro-mtestinal T reset . — The stomach was 
moderately distended and contained thin liquid and air. The gastric 
mucosa was perfectly smooth and healthy in appearance. The pyloric 
valve was clear. The small intestine showed duodenum and jejunum 
clear. The ileum was slightly distended, so that the folds flattened and 
the walls thinneii and there was slight injection of the blood-vessels. The 
Peyer’s patches were clear and the mucosa showed no evidence of necro- 
sis or ulceration. The large intestine showed extensive destruction of 
its intestinal lining. The condition w^as well marked throughout the 
whole of the colon, sigmoid and rectum. The lesions took the form 
of rounded and irregular punched-out areas of necrosis of the mucosa 
and submucosa with frequently extension of the necrosis along the 
submucosa beneath still visible bridges of mucosa. Marked inflamma- 
tory reaction was not a feature of the lesions. There was a little con- 
gestion in one or two places, but for the most part the grayish necrotic 
looking mucosa with the numerous coalescing puuched-out areas of 
necrosis was characteristic of the entire large bowel. There was no evi- 
dence of perforation or hemorrhage, and there was no exudate on the 
surface of the mucosal lining. The abrupt line of demarkation at the 
ileocecal valve between the ce^um and ileum was most striking. 

^^Bacteriological Fi'thdings, — (1) Cultures from stools of life; Ba^ 
cillus dysenierUe (Shiga) by cultural characteristics and by agglutina- 
tion with available scrum. 

“ (2) Cultures from stools at autopsy; negative for Bacillus dysen- 
tericE, 

‘‘(3) Feces, in life, by microscopical examination, forms typical of 
Entameha histolytica, but non-motile, always found. 

^‘(4) Sections of colon showed Entameha histolytica in submucosa 
in moderate numbers.’' 

Among troops during the late war, mixed infections were not un- 
common, and particular care must, under such conditions, be paid to 
making a complete diagnosis and to keeping the diagnosis up to date, 
as the entamcbic infection often lags behind the bacillary. If the nature 
of the complication is not realized, the treatment will be unsatisfactory 
and the disease will be prolonged. 

Sections of the colon show a large amount of small round-cell in- 
filtration, especially around Lieberkiihn 's glands and around and in the 
solitary lymph-nodules. The infiltration is especially well marked 
around the edges and bases of the ulcers. Some of the latter are formed 
by the sloughing of the coagulated and necrotic mucous membrane and 
others, which are small and deep, by necrosis of the solitary follicles and 
overlying epithelium. Around the blood-vessels, particularly the small 
ones, are seen red and white blood-cells, fibrin and altered tissue-cells, 
the whole forming a coagulated and necrotic mass. Later in the disease 
the coagulation necrosis is less marked and the small round-cell infiltra- 
tion becomes more evident ; still later, the connective tissue shows evi- 
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dences of active proliferation. The ulcers heal over by the extension 
of the epithelium from the border, but the ulcer remains covered with 
scar tissue and not with normal epithelium. 

Historical Summary. — The disease has been recognized through- 
out the ages, and the names which Hippocrates gave to the two principal 
forms of intestinal disturbance, diarrhea and dysentery, have been in 
continuous use among physicians of all schools up to the present day, 
although with changes in the definition of dysentery, and such qualifica- 
tions and limitations as were necessary to exclude symptomatically re- 
lated conditions. Of course it was impossible, on clinical grounds alone, 
to separate bacillary from entamebic dysentery, and the differentiation 
had to wait upon the development of protozoology and bacteriology. 
This did not reach a helpful stage until about 1900, since which time 
progress has been continuous and rapid. Until recent years, therefore, 
many diverse conditions pi’oducing frequent stools containing blood and 
mucus, and accompanied by tenesmus, were classified under this diag- 
nosis. Prom an historical point of view the most important study is 
that of Woodward^^ in the Medical and Surgical History of the War 
of the Rebellion, and any student of the history of medicine will derive 
great pleasure and profit from its perusal. 
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TYPHUS FEVER 
By Harry Plotz, M.D. 
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Synonyms. — The term ‘‘typhus” comes from the Greek (rL^tos ) 
meaning smoke, mist or fog, and was employed by Hippocrates to indi- 
cate a confused state of the mind such as occurs in typhus fever. This 
expression was used with broad application until applied to typhus fever 
by Sauvage in 1760 and Cullom in 1769. A list of a hundred or more 
synonyms is given by Murchison. The common ones used in modem 
literature are, typhus, typhus fever, exwuiheivriatic typhus, pestilent iaX 
fever, spotted fever, camp fever, jail fever, hospital fever and ship fever 
by English and American authors ; typhus exaruthematique by the 
French ; Fleck fieher by the Germans; and tahardillo or tifo in the Span- 
ish and Mexican literature. 

Definition. — Typhus fever is an acute specific infectious disease, 
occurring usually in epidemics. It is charr.cterized by a sudden onset; 
maculopapular petechial eruption, toxemia and high fever. The dis- 
ease lasts about fourteen days and temiinates usually by crisis. It is 
transmitted by the body louse. 

Etiology. — Predisposing Causes. — Social Condition, — The older 
writers all lay stress upon the occurrence of typhus epidemics in times 
of calamity, during periods of famine and while war raged. The influ- 
ence of filth and overcrowding and unhygienic conditions generally, were 
recognized as potent factors in the epidemiology of this disease. Many 
records relate to outbreaks of typhus occurring in crowded prisons and 
poor houses, on shipboard, in armies in the field, but especially among 
the besieged and besiegers. The epidemics in Ireland and England 
almost invariably followed in the wake of a failure in crops, or periods 
of distress from famine or strikes. In Serbia, the epidemic of 1915 fol- 
lowed shortly after the capture of 60,000 Austrian prisoners. They were 
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crowded instables, houses and camps where the hygienic conditions were 
bad. Lice swarmed from man to man. Typhus fever broke out among 
them and as the prisoners were transported from one part of the country 
to another, the disease was disseminated not only to the army, but the 
civilian population as well. The Serbian peasants are vermin-infested 
and live in small ill-ventilated houses. The overcrowding in these huts 
associated with the vermin-infestation afforded ample means for the 
propagation of the disease. In Bulgaria in 1916 the typhus epidemic 
followed shortly after a large number of Bulgarian soldiei*s deserted 
and tied to the mountains. Here they congregated in huts and lived 
under very bad sanitary conditions. Wlieni* these soldiers were discov- 
ered it was found that many of them were suffering with typhus fever. 
Soldiers who had gone home on furlough to these villages, and had come 
in contact with the deserters, became infected, and carried typhus back 
to their regiments. The deserters were finally assembled in prison camps 
and typhus broke out in epidojuie form. From those prison camps the 
disease spread to the civil population. 

Typhus fever is generally considered to be a disease of the poor. 
Except in epidemics, typhus fever is rare among the better (‘lasses. We 
now know that this is due to the fact that the poorer classes are more 
apt to be vermin-inf e^sted. 

Sex and Age . — In epidemics the two sexes are equally attacked. A 
greater number of easc*s are ordinarily noted in males because of their 
greater exposure to contagion. The disease is not generally seen in chil- 
dren, although Sorieek reports 23 cases and Moladcukoff 115 cases. The 
later authors saw none below one year of age, and only 7 in children 
between one and three. All the (*ases in (children were mild. 

Individual Susceptihility . — All races are equally susceptible to 
typhus fever. One attack usually confers complete immunity for life. 
A second attack is very rare. Murchison records two cases, and the 
writer has seen one case in a Bulgarian soldier who had two definite 
attacks, with an interval of five weeks. Persons who are usually vermin- 
infested may contract a very mild form of the disease or remain immune. 
Baehr has demonstrated agglutinins in typhus contacts who have been 
bitten with infected vermin. lie believes the individuals are inoculated 
with a small dose of virus and are so immunized. 

Occupation . — Those who attend the sick, as physicians, nurses, order- 
lies and priests, are in constant danger of contracting typhus fever. In 
Ireland, during the epidemic of 1847, 500 physicians contracted typhus 
fever and died. In an epidemic carried to Breslau by the retreating 
troops of Napoleon, 18 out of 40 doctors died of this disease. In Serbia, 
of 340 doctors, 160 died of typhus in the epidemic of 1915, and in Rou- 
mania, of 1,200 doctors, 200 — or 40 per cent. — died in the epidemic of 
1916. This high percentage of infection among those in contact with 
typhus cases may be explained on the grounds that lice wander away 
from a patient with fever to the healthy attendant. 

Climate . — Typhus is essentially a disease of cool and temperate cli- 
mates. The seasonal incidence of the disease is from November to April, 
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although cases may occur in summer. Endemic typhus (Briirs disease) 
occurs more often in the warmer months. The prevalence of typhus in 
winter is attributed to overcrowding, scarcity of bathing facilities and 
the infrequent change of clothing. Lice are susceptible to temperature 
and are not so prevalent in the summer months. Wilder notes the 
scarcity of the disease in the lowlands of Mexico where it is warm, in 
distinction to its prt^enee in the highlands where it is cold ; typhus fever 
is rare in Vera Cruz (lowlands) but common in Mexico City (highlands). 
Terres states that typhus fever in Mexico is restricted to the cool region 
in an altitude above 6,000 feet. 

Exciting Cause : Bacteriouogy op the Organism. — Various aerobic 
bacteria have been describe<l by Rabinowitch, Pretjetschensky, Miiller, 
Fiierth, Penfold, Proescher and others as the causative organism of 
typhus fever, but their work has not been confirmed. In 1914, while 
studying the bacteriology of endemic typhus fever (Brill’s disease) in 
New York, the author succeeded in isolating an anaerobic bacillus which 
has subsequently been found with constancy in the blood of typhus fever 
cases in the Tnited States, Mexico, Serbia, Bulgaria, Cermany, Austria 
and Russia. 

In America the organism has been recovered from cases of typhus 
fever by Bernstein, Blatteis and Lederer, and Gottesrnan and Klein. 
Anderson isolated the organism from the blood of guinea pigs infected 
with typhus fever. In Serbia, Zinsser and Hopkins reportenl its culti- 
vation in 3 cases and Caldwell reported its occurrence in the spleen of a 
human case. In Serbia and Bulgaria, Po])off recovertnl it in 6 of 10 
cases, and Muhlens and Picker in 12 of 20 cases. In Russia, Paneth 
isolated the organism in 2 of 5 cases, while in Austria, Przygode recov- 
ered it eleven times. Ghon, in Germany, recovered the organism from 
the blood of guinea pigs which had been infected with typhus blood. 
In Mexico, Olitsky, Denzer and Husk cultivatetl the organism in 8 cases. 
The organism isolated in the I^alkans, Russia, Mexico and the United 
States is identical in morphology and cultural characteristics. 

Morphology ami Cultural CharaH eristics , — The inieroorganism is a 
very small and slender bacillus. It is usually straight, though slightly 
curveil or coccoid forms may occur. The ends are rounded or slightly 
pointed. It is not motile, not encapsulated, and not acid-fast. Polar 
bodies are occasionally seen. It is Gram-positive. In early cultures 
they may be Gram-negative, but subsequently become Gram -positive. 
Gram-negative fonns have been seen in infected lice, but on cultivation 
they become Gram-positive. Acid is produced from dextrose, maltose, 
galactose and inulin, but not from rafiinose, mannite, arabinose, lactose 
or dextrin. No gas is formed. The microorganism is an obligate 
anaerobe. The optimum medium is ascitic dextrose agar. Ascitic fluid 
and dextrose are necessary for its growth. The organism will not pass 
through a Berkefeld filter, size N. It has been named the Bacillus typhU 
examthematici. 

Method of Culture , — The Liborius-Veillon method for the cultivation 
of anaerobes is used. It consists essentially of a deep tube, employing 
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2 pep cent, dextPose, ascitic agar. The agar is a 2 per cent, meat extract 
agar of 0,9 acidity ( phenol phthalein). The choice of ascitic fluid is of 
importance. It should be clear, free of bile, and of high specific gravity 
(above 1.015). A filtered ascitic fluid or one which contains a preserv- 
ative or is sterilized should not be used. 

In making the blood culture, the 2 per cent, dextrose agar is divided 
into eight tubes. Two c.c. of blood and 6-10 c.c. of ascitic fluid are added 
to each tube. The contents, consisting of glucose agar, blood and 
ascitic fluid, are carefully mixed so that no air bubbles are introduced. 
After the agar has solidified, it is layered with 2-3 c.c. of agar. The 
tubes are incubated at 37° C. The colonies usually appear in from 7 to 
14 days in the lower (anaerobic) jjortion of the tube. Colonies have 
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been found after nineteen days^ incubation. Transfers are made by 
breaking the tube and inoculating the culture on slants of ascitic dex- 
trose agar, which are placed in Buchner tubes containing pyrogallic 
acid and sodium hydroxid. 

Occurrence of Bacteriemia . — The microorganism is recovered only 
from the blood of persons and animals suffering with the disease. The 
bacillus is present in the blood during the entire febrile period, and 
occurs in greater numbers earlier in the disease than later. The intensity 
of the bacteriemia runs parallel to the severity of the disease. It is there- 
fore more easily recovered from epidemic typhus fever than endemic 
cases. Baehr found enormous numbei's of bacteria on culture during 
the initial chill. Blood cultures on animals (guinea pigs and monkeys) 
yield the same results as on human beings. 

On culture media the organism loses its pathogenicity rapidly. Cul- 
tures recently isolated from epidemic cases produce a febrile reaction in 
guinea pigs. 
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Development of Antibodies :- — Specific a^lutinine, precipitins, opso- 
Bins, complement-fixing antibodies and ^^anaphylactic’’ antibodies are 
regularly present in the blood of typhus convalescents. They usually 
appear during the second week of the disease, increase as the crisis is 
approached, reach their maximal titer during the first or second week 
of convalescence and usually persist in the blood for months. In one 
case they were demonstrable after two and a half years. The curve of 
the course of development of the antibodies in this disease is typically 
an immunity curve. 

(a) Agghitinins, — Plotz, Olitsky and Baehr regard an agglutina- 
tion in a dilution of 1 :50 as positive, as does Paneth and Popoff, but 
Przygode reads an agglutination in dilution of 1 :100 as positive. The 
agglutinins are rarely present during the febrile period but appear at 
the time of crisis and thereafter. In a series of 43 typhus cases, Plotz, 
Olitsky and Baehr demonstrated agglutinins in 92 per cent, of the cases 
after the crisis. On the day of the crisis 33 per cent, of the cases gave 
positive results. Popoff, Miihlens and Picker, Paneth and Przygade 
record the same agglutination results. Cross agglutination, using con- 
valescent sera and bacteria, isolated from epidemic and endemic cases, 
demonstrates that the various forms of typhus fever are identical. 

(b) Weit-Felix Eeactian . — In 1910 Wilson isolated a proteus-like 
bacillus from the feces of a typhus case which was agglutinated by the 
serum of a typhus patient. The author did not regard this organism 
of etiological significance. Weil and Felix in 1915 isolate<i a proteus 
bacillus from the urine of two patients suffering with typhus fever, and 
found that this organism w^as agglutinated by the serum of patients with 
this disease. This agglutination phenomenon has been found by other 
German and Austrian workers. The etiological significance of this or- 
ganism to typhus fever is not considered by any of the authors. Fairley 
found that the maximum height of the agglutination curve, with this 
proteus bacillus, occurs in the se<*ond febrile week and the first week of 
convalescence. This author, using the proteus bacillus as antigen, was 
unable to obtain complement-fixation, and found that it was not patho- 
genic when inoculated into two humans. Baehr, using the Bacillus 
typhi-exanthemedici and this proteus bacillus, in a series of daily agglu- 
tinations found that with the proteus bacillus the agglutination came 
early in the disease and disappeared early in the convalescence, while 
with the Bacillus typhi-exanthem4]lici the agglutinins appeared later in 
the disease and persisted for a long time after convalescence. The 
agglutination with the proteus bacillus was regarded as a co-agglutina- 
tion phenomenon, while the agglutination with the Bacillus typhi-ex- 
antkematici represents a true immunity curve. Fairley regards the 
agglutination with the proteus bacillus as due to a secondary or heterolo- 
gous agglutinin. Paneth, in an investigation in 300 cases of typhus 
fever, has studied this reaction thoroughly. This author studied the 
development of agglutinins with Bacillus coli, Bacillus proteus^ Bacillus 
typhosus and Bacillus typki-exanthemalici, making daily agglutinations 
With these bacteria. Paneth found agglutinins in the blood with BaciU 



TYPHUS FEVER 


41() 

lus coll, Bacillus proieus and Bacillus typhosus. These agglutinins were 
demonstrable in the early part of the second week of the disease and 
increased until they reached their maximum height at the defervescence 
of the temperature. They disappear in a few weeks in convalescence. 
With the Bacillus iyphi-cxanihemaiici the agglutinins appear in the 
early part of the second week but develop more slowly and do not attain 
their maximum until the second week of convalescence. They then per- 
sist for several months. The curves for the formation of the agglutinins 
in the case of Bacillus coli^ Bacillus proteus and Bacillus typhosus are 
practically identical and differ markedly from that of Bacillus ty phi- 
exanthema t id. 

Rickettsia . — Prowazek and da Rocha-Lima have given the name 
‘^Rickettsia” to a class of organisms found in lice infected with typhus 
fever. Similar organisms have been found in trench fever lice and the 
parasitc^s found in Rocky Mountain spotted fever may be related. A 
fourth species has been found by Noller in the “sheep tick.” 

Rickettsia are very small, from 0.3 to 0.5 by 1.5 to 2.0 microns. In 
shape they resemble a coccus, diplococcus or short bacillus. They do not 
retain the Gram stain, are not acid fast, but stain well with Giemsa. 
They are not motile. Ricketts and Wilder found these microorganisms 
in the louse in Mexican typhus, and Sergent, Foley and Vialatte, da 
Rocha-Lima, and Topfer and Schiissler and others confirmed this. These 
later observers describe enormous numbers of the organisms in the 
midgut of lice that had bitten a patient during the height of the fever 
a few days previously. These bodies develop in the louse in from 5 to 10 
days after feeding on a typhus patient. 

Topfer found Rickettsia in typhus and trench fever lice, but claims 
that he can distinguish the two kinds of parasites, as those associated 
with trench fever are shorter and thicker than those from typhus lice, 
da Rocha-Lima distinguishes the Rickettsia in typhus lice from those in 
trench fever lice in that the former invade the epithelial cells of the gut 
wall, while Jungmaiin and Kuczinski could not distinguish differences 
between them. 

Arkwright, Bacot and Duncan have found Rickettsia in stock-bred 
lice that had been allowed to fee<l on trench fever cases. 

Rickettsia have been regarded as protozoa by Prowazek, and da 
Rocha-Lirna, but Ricketts, Wilder, Topfer, Sergent, Foley and Vialatte, 
and Arkwright, Bacot and Duncan regard them as bacteria. 

Baehr in Russia, Plotz in Serbia and Bulgaria, and Olitsky in Mex- 
ico, found bacilli in the intestinal contents and feces of typhus lice, 
which are morphologically similar to the Bacillus typhi^exanthematici. 
These bacteria are present in large numbers in film preparations. Olit- 
sky succeeded in cultivating these bacteria from typhus-infected lice, 
and found them identical with the Bacillus typhi-exanthematici, isolated 
from the blood of typhus cases. The Rickettsia seen in typhus-infected 
lice are morphologically similar to Bacillus typhi-excmthematici. 

The Virus. — (a) Tramswdssion of the Virus. — The fact that the 
virus of typhus fever could be transferred from the patient to man or 
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animals was the first advance made in the experimental study of this 
disease. Moczutkowski (1900) inoculated himself with virulent typhus 
blood and after an incubation period of eigrhteen days suffered with a 
typical attack of typhus fever. As a result of the disease contracted 
he suffered with heart disease and died in 1903. Yersin and Vassal 
confirmed this observation by inoculating two men, who developed the 
disease after an incubation period of fourteen and twenty-one days 
respectively. Otero confirmed this human experiment. The recent inhu- 
man experiments of Hamdi, in Turkey, have demonstrated conclusively 
that the virus of typhus fever is present in the blood during the febrile 
peri(Kl, and can be transferred by blood inoculation to man. He inocu- 
lated 310 people subcutaneously with 5 c.c. of defibrinated blood taken 
from typhus fever cases during the febrile period. One hundred and 
seventy-four — or 56 per cent. — developed the disease, and of them 49 — 
or 28 per cent. — died. The shortest incubation period was five days, and 
the longest twenty-three days, the usual being twelve days. 

Nicolle (1909) first transmitted typhus fever to a chimpanzee by the 
inoculation of 1 c.c. of human blood, taken from a patient on the third 
day of the attack of fever. The disease was transmitted from this mon- 
key to another. This was confirmed by Anderson and Goldberger, who 
also found that monkeys who had recovered from such an inoculation 
became immune against re-inoculation with typhus virus. Ricketts and 
Wilder, about the same time, while working in Mexico, succeeded in 
communicating Mexican typhus to the Macacus rhestis by blood injection. 
Gavino and Girard confirmed this and also found guinea pigs susceptible 
to typhus fever. All subsequent workei’s have confirmed these observa- 
tions, and have found that the virus can be carried from animal to 
animal for an indefinite period without the loss of virulence. 

Typhus fever in animals (guinea pigs and monkeys) is characterized 
by an incubation period and a period of fever usually terminating by 
crisis. Nicolle observed a rash in the monkey of his original experiment, 
but this has not been found by other obscrvei*s. Loewy recently found 
an eruption in six of twenty-five guinea pigs. On section these spots 
showed endothelial degeneration and small-celled infiltration, a lesion 
which Praenkel regards as pathognomonic for typhus fever. Following 
the intraperitoneal inoculation of blood in guinea pigs, the incubation 
period of seven to ten days is followed by a febrile period of seven to 
eleven days, which usually ends by crisis. These animals are immune 
to subsequent blood inoculations. Baehr has found an enlargement of 
malphigian corpuscles in the spleen of guinea pigs as the only patho- 
logical lesion. 

Anderson and Goldberger have shown that 56 per cent, of guinea 
pigs tested failed to react to a first injection of blood from human cases, 
and that 22 per cent, of monkeys poasess a transient or permanent im- 
munity against typhus blood inoculation. For experimental work 
guinea pigs are preferable to the monkeys, because they are easy to 
handle, and the possibility of temperature arising from some extraneous 
disease (tuberculosis) is not so common. In our studies we have always 
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used male guinea pigs of 500 grams weight. Female guinea pigs may 
abort during the febrile period and die. A guinea pig of 500 grams 
loses about 100 grams during an attack. 

(6) Filterdbility of the Virv ^. — The possibility that the virus of 
typhus fever was filterable was suggested by a doubtful experiment of 
Nicolle, Conor and Conseil, which neither they, Ricketts and Wilder, 
Anderson and Goldberger, Gavino and Girard, nor Olilsky, were subse- 
quently able to confirm. In the experiment of Nicolle and his co-work- 
ers, he states that a monkey inoculated with Berkefeld filtered serum 
presented an elevation of temperature of 0.5*^ C. between the sixteenth 
and eighteenth days after the inoculation. This animal when subse- 
quently inoculated with typhus blood did not react. Experience with 
monkeys has shown that a rise of temperature of 0.5^ C. cannot be 
regarded as impoilant. The fact that the aninial remained refractory 
to a subse(pient inoculation of virulent blood may have been due to the 
natural immunity, as shown by Anderson and Goldberger. In the ex- 
periments of Ricketts and Wilder, Anderson and Goldberger, Gavino 
and Girard, and Olitsky, carefully controlled filtration experiments have 
definitely shown that the virus of tyjihus fever will not pass a Berkefeld 
filter. 

Epidemiology. — The occurrence of typhus fever during pericxls of 
calamity, famine, and while war raged was due to the prevalence of 
vermin-infestation that resulted because of the bad conditions under 
which the people had to live. Bernhardi states that the prevalence of 
louse infestations was observed in the seventeenth century in connection 
with typhus and relapsing fever. Tobias Cober, in his book on camp 
diseases, in the seventeenth century, called attention to the close asso- 
ciation of typhus fever and the louse, while Ilirsch points out the great 
similarity between the epidemiology of typhus and relapsing fever. Both 
are now known to be transmitted by lice. The conclusions reached by 
Murchison (1884) in his classical work on continued fevers, regarding 
the epidemiology of typhus fever remain as facts to-day. He noted that 
when typhus appears in a locality or house it usually spreads very 
quickly ; that the number of cases stands in direct relation to the degree 
of contact between individuals; that persons visiting the sick are prone 
to contract typhus fever; that the sick convey typhus to clean quarters; 
that typhus is checked by isolation of the affected ; and that it is ac- 
quired by contact with the sick, and by contact with objects contam- 
inated in places previously occupied by typhus cases. 

Experimental Demonstration That Lice Convey Typhus. — 
Mackie suggested that lice transmitted relapsing fever, and on account 
of the epidemiological similarity between this disease and typhus, Smith, 
Sergent and Foley suggested that lice could transmit typhus fever. It 
was Nicolle, Comte and Conseil (1909), however, who succeeded in trans- 
mitting typhus from monkey to monkey by the bites of infected lice 
{Fedicnhis humanus corporis) that had fed on a typhus patient one to 
seven days previously. Ricketts and Wilder confirmed this and suc- 
ceeded in infecting monkeys through the scarified skin by means of the 
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gut contents of lice. Qoldberger repeated these experiments and also 
transmitted typhus from man to monkey with the head louse {Pediculus 
Jmmanus capitis). This experimental evidence has since been confirmed 
by the unfortunate deaths of Ricketts and Prowazek, who succumbed to 
typhus fever following infection with lice. 

The period of infectivity of lice, following their exposure on typhus 
patients, has been found to vary by different observers. Nicolle, Comte 
and Conseil found lice infective 1 to 7 days after they had fed on a 
typhus i)atient, and Nicolle and Conseil infected two monkeys with lice 
after a period of 5 to 7 days. Wilder infected monkeys after 7 to 11 
days, and Anderson and Goldberger after 1 to 4 days. Prowazek in- 
fected a monkey by injecting the contents of a single louse that had fed 
two days previously on a typhus case. Nicolle, Blanc and Conseil found 
that the inoculation of crushed lice after 1 to 8 days gave negative 
results, but after 9 to 10 days, animals became infected. It is difficult 
to correlate these results at present, and the actual period must remain 
open, but it is evident that an intcrv’^al does occur in the body of the 
louse, between the time of ingestion of typhus blood and the infectivity 
of the insect. 

IMany of the earlier experiments state that typhus fever was trans- 
mitted by the bite of the louse, but the experiments are not conclusive. 
The feces of infected lice are infective for animals, and it is believed 
to be the most common nietho<i of transfer of the vims. The virus gains 
entrance through the puncture wound made by the insect while sucking 
or is scratched in by the host. Recent work on trench fever suggests 
that this is the common method in which the louse transmits this disease. 

Actual experience in the control of tyj^hus epidemics has shown that, 
with the eradication of vermin -infestation, the number of eases dimin- 
ishes. Nicolle and Conseil in Tunis, by carrying on an active campaign 
in eradicating the louse, have met with remarkable results, as indicated 
by the following table : 


Year 

1909. 

1910. 

1911. 

1912. 

1913. 

1914. 

1915. 


Cases 

856 

148 

180 

22 

6 

3 

0 


Wide experience with recent epidemics in the Balkans and Russia 
has demonstrated the same results. In hospitals, whore all patients were 
thoroughly deloused before being admitted to the wards, no ward infec- 
tions occurred, and doctors, nurses and orderlies who previously were 
prone to contract the disease, remained immune. 

Symptomatology. — The Onset. — The period of incubation varies 
between nine and twenty days, the usual being twelve days. The onset 
is usually acute with chilly sensations, chill, pains in the back and legs, 
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severe headache and great prostration. At this stage the expression is 
dull, the face flushed and the conjunctivce congested. The conjunctival 
congestion is a common and constant symptom early in the disease. The 
tongue is dry and tremulous. The headache is severe, the patient com- 
plaining of generalized pain in the head. The bowels are constipated, 
and thirst is excessive. 

Symptoms during Progress op Disease. — The temperature rises 
rapidly and may reach 103°-104‘^ P. (39.4^-40° C.) in forty-eight hours. 
The pulse is rapid, rarely dicrotic. The spleen may or may not be en- 
larged. The eruption appears from the third to the fifth day, usually 
on the fourth. It appears on the abdomen, lower part of the chest, 
anterior surface of the shoulders, and arms and legs. 

The eruption is rarely found on the face, but may occur on the 
palms and soles of the feet. The rash reaches its full development in 
from two to three days. The patient thereupon looks very ill. The 
face is congested, respirations are shallow and pulse is rapid. Marked 
Miental disturbances are present. He may be lethargic, with sluggish 
movements, appearing almost in a comatose state, or he may be excited, 
jumping from the bed, or making suicidal efforts. Sordes appear, and 
unless the mouth is carefully cared for, parotitis, laryngitis or otitis 
media appears. Slight hoarseness and deafness are common at this time. 
The eruption becomes bluish and petechial spots appear. The patient 
becomes dull and stupid and very weak, lying in stupor or coma vigil. 

The temperature continues high throughout the attack, ordinarily 
being about 104° to 105° F. (40° to 40.5° C.). Should the patient 
recover, the temperature falls about the fourteenth day and reaches 
normal in a few days. The* eruption, with the exception of the petechial 
spots which remain as a bluish discoloration under the skin, begins to 
disappear at the termination of fever. In the event of recovery the 
patient comes out of the deep stupor, or the delirium gradually sub- 
sides, and he appears weak and exhausted. The temperature returns 
to normal or subnormal in twenty-four to forty-eight hours, and the 
convalescence is long. In the severe cases death may occur from an 
overwhelming toxemia early in the disease, but it usually occurs about 
the tenth to the fourteenth day from cardiac failure. 

There is no definite clinical picture of this disease, the severity vary- 
ing with different epidemics, and even in the severe epidemics, mild cases 
are often seen at the beginning and end of an epidemic which closely 
resemble the mild form of the disease (Brill’s disease) seen in this coun- 
try. The mild cases do not have such marked nervous symptoms, and 
the toxemia is not so profound. Petechial eruption is not so common. 
The convalescence is rapid and recovery usually occurs. 

In the Serbian epidemic of 1915, besides the mild cases noted, there 
appeared the fulminating type and the type marked by circulatory 
stasis. In the fulminating type the patient goes into coma early and 
does not come out of it. He displays marked twitchings or subMlins 
tendirmmf mutters and picks at the bed clothes. The patient loses 
sphincter control and usually dies in three days. In the circulatory 
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type the patient passes through the illness without incident, until about 
the twelfth day, when the feet and hands become blue and cold. The 
pulse is small and thready, and the cardiac sounds are distant and weak. 
Gangrene of the extremity usually sets in. The patient may die of 
cardiac asthenia or lose an extremity from gangrene. 

Temperature . — During the later days of the incubation period a tem- 
perature of 99° to 100° F. (37.2° to 37.8° C.) may be recorded. Follow- 
ing the chill, the temperature rises rapidly and may reach 104°. F. (40° 
C.) in forty-eight hours. The temperature then continues high, the 
remissions being very slight. A fall of more than one degree in uncom- 
plicated cases is rare. The curve shows little change until the later 
part of the disease. The temperature may fall by crisis on the four- 
teenth day, reaching normal in twenty- four hours, or may be gradual 
ending by lysis, with a slight elevation of temperature for three or four 
days. A precritical or posteritical rise may occur. In mild cases the 
temperature may not go above 102° F. (38.8° C.) during the entire 
course. The fulminating cases usually have a high continuous tempera- 
ture, while in the cardiac type, the remittent temperature may occur. 
Cases ending in death may have a very high temperature just before 
exitus. 

The Exanthem . — This is the most characteristic symptom of the dis- 
ease, but during an epidemic the typical eruption does not occur in all 
cases. The eruption may appear from the third to the fifth day, but 
occurs usually on the fourth. It consists of a maculopapular eruption 
followed by petechial spots. The eruption appears first on the upper 
abdomen, lower chest, shoulders, back and extremities. Unlike typhoid 
it may be found on the palms and soles of the feet but rarely on the 
face. The extent of the eruption is variable and bears no relation to the 
severity of the attack. During an epidemic cases are seen with a very 
scant erui)tion, though some cases without eruption are reported. In 
dark-skinned individuals it is sometimes difficult to see the eruption. 
The typhus spot must be differentiated from louse bites, which are 
usually seen in typhus patients. The eruption is usually all out in 
seventy-two hours, and begins to disappear at the time of crisis. 

The spot first appears as a pale red macule, which disappears on 
pressure. It varies from 1-4 mm. in diameter, and has an indefinite 
edge. The spot then becomes darker, has a dark reddish or purplish 
color and does not disappear on pressure. This is due to the deposition 
of blood pigment, which usually begins at the center and extends to the 
periphery of each spot. PetechiiE then appear, this being due to the 
extravasation of red blood-cells. In the Serbian epidemic few of the 
spots became petechial, the majority disappearing before this stage. 

Circulatory System , — The pulse early in the disease is rapid and 
in the second week becomes small and weak. With the severe toxemia, 
myocarditis is often present, and cardiac failure may occur. In the 
circulatory type described gangrene may occur. Toes and fingers are 
usually affected. Maitland records two cases with gangrene of the nose. 

Blood . — ^There is a decrease of leukocytes in the first few days, but 



Fig. 3. — Temperature Chart op a Case of Epidemic Typhus Fever in a Bulgarian Soldier. Occurring 
IN THE Balkan Epidemic op 1916. (Admitted on the fourth day of the disease.) 
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after the third day there is a gradual increase. After the first week the 
average count is 10,000-12,000 leukocytes with an increase of polymor- 
phonuclear leukocytes. Lichtenstein regards an absence of eosinophils 
of importance in the diagnosis. In the endemic variety, Brill records 
9,000-11,000 as the average count, with sixty-nine per cent, polymorpho- 
nuclear leukocytes and thirty -one per cent, lymphocytes. 

Nervous Sy^stem . — The nervous system is involved in the severe cases, 
because of the toxemia. This may manifest itself by acting on the brain, 
spinal cord or peripheral nerves. Severe headache is often the first 
symptom of which the patient complains. 

At the onset the mental condition is usually clear, but soon becomes 
dull and heavy. Violent delirium or marked apathy occurs in the second 
week- In the delirium the patient seems to suffer from terrifying hallu- 
cinations ; he may commit suicide by strangling, jumping from the win- 
dows or shooting. The type with coma is characterized by marked pros- 
tration and coma vigil. Marked tremor is common. The spinal fluid 
shows an increased number of lymphocytes. 

Digestive Tnxct . — The tongue is coated and dry throughout. Sordes 
and tremor are common. If the mouth is not properly cared for paro- 
titis, otitis media and laryngitis may occur. Gastric disturbances are 
rare. Constipation is the rule. 

Oemio-urinary Tract , — Changes in the kidney are the same as with 
any acute febrile disease. Febrile albuminuria occurs. Nephritis may 
remain as a complication. The diazo-reaction is usually positive. 

Diagnosis. — The chief diagnostic points are the acute onset, conjunc- 
tivitis, continuous temperature, characteristic eruption and toxemia. The 
disease must be differentiated from typhoid, small-pox, scarlet fever, 
measles, relapsing fever, malaria, septicemia, Rocky Mountain spotted 
fever, cerebrospinal meningitis and severe vermin-infestation. 

In typhoid fever the onset is gradual, the toxemia is usually not so 
severe, the pulse is slow, the spleen is palpable, the rash appears later 
than in typhus, and occurs in successive crops. In typhoid there is a 
leukopenia. A positive Widal or blood culture may be obtained. In 
typhus fever the sudden onset, conjunctivitis, toxemia, rapid pulse, and 
profuse rash should aid in differentiating the two diseases. 

In the acute exanthemata, the sudden onset with fever, headache and 
prostration may cause confusion until the eruption appears. In srmdUr- 
pox the eruption occurs in three days, appears on the face, and the tem- 
perature drops with its appearance. With scarlet fever, there is the sore 
throat, and eruption in twenty-four hours. Measles is associated with 
coryza, bronchitis, rash on the face, and Koplik’s spots. Relapsing fever 
is differentiated by finding the spirochaita in the blood. In septicemia a 
positive blood culture is obtained. Rocky Mountain spotted fever occurs 
among herders in certain sections of the Rocky Mountains. If Rocky 
Mountain spotted fever and typhus occurred together it would be difficult 
to differentiate them clinically. The spleen is more often enlarged and 
icterus is more common in Rocky Mountain spotted fever. Malaria can 
be differentiated by finding plasmodia in the blood and cerebrospimd 
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•Temperature Chart op a Case of Endemic Typhus Fever (Brill’s Disease.) 
Admitted on the sixth dav of the disease. 
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meningitis is diagnosed by lumbar puncture. In severe cases of vermin- 
infestation the patient may present an eruption with temperature which 
may be confusing. The spot, however, contains a small puncture wound, 
which does not occur in the typhus eruption, and the temperature is not 
characteristic, although it may remain for a considerable period of time. 

In all instances where the diagnosis is difficult a small quantity of 
blood (3 c.c. of defibrinated blood and 3 c.c. of saline) may be injected 
intraperitoneally into a guinea pig to obtain the typical febrile reaction. 
Blood culture, using the anaerobic method described, should be em- 
ployed. Agglutination or complement-fixation with the Bacillus typhi- 
exanthematici may give confirmatory evidence. 

Complications. — The complications in different epidemics vary. Some 
epidemics have practically few complications, as occurred in Poland in 
1914-1915. In Serbia the more important comifiications observed were 
parotitis, gangrene of the feet, polyarthritis, polyneuritis, otitis media 
and laryngitis. In the Irish epidemic bronchopneumonia was the most 
common complication. In endemic typhus, Brill records bi oneliitis, 
bronchopneumonia, ineningismus, phlebitis and otitis media as the com- 
plications. 

Association with Other Diseases. — Relapsing fever is usually asso- 
ciated with epidemics of typhus fever. This has been noted for many 
years. Both diseases are transmitted by lice. In the Balkans, in 1914- 
15, the typhus epidemic ceased in July, while relapsing fever continued. 
In Poland, in 1915-1916, both typhus and relapsing fever continued 
through the summer months. 

Treatment. — PKOPHYnAxis, — The subject of treatment may be di- 
vided into the handling of those exposed to typhus fever and those who 
have contracted the disease. The subject of prophylaxis is usually dis- 
pensed with by saying that it means the control of vermin-infestation. 
Experience during the World War, with typhus fever, and the handling 
of large bodies of vermin-infested men has demonstrated that the con- 
trol of vermin-infestation is not a simifie matter. 

As with other insect-borne diseases, such as malaria, effective meas- 
ures cannot be instituted unless the biology and habits of the insect are 
understood. The World War furnished ample means for the study of 
this problem, for owing to the unprecedented scale of the war, combined 
with the conditions under which it has been fought it led to a prevalence 
of lice among soldiers that has never been equaled before. No army 
was spared from^ wide-spread vermin-infestation and diseases transmitted 
by this pest. 

Vermin-infestation in the United States army was prevalent — over 
ninety per cent, of the troops in the American Expeditionary Forces 
being infested. Vermin-infestation in European armies is supposed to 
have been spread from ^ few infested men. Any large assemblage of 
soldiers is likely to contain a few such individuals, who are primarily 
the cause of the trouble, which is greatly aggravated by the limited 
sanitation under camp conditions. 

The effects of the presence of lice upon men differ according to indi- 
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vidual susceptibility. Persons who are constantly vermin-infested ap- 
pear to be immunized against the salivary secretion, and the local reac- 
tion is very slight. Sometimes only a slight puncture wound is discern- 
ible. In persons who have never been infected before the local reaction 
is intense and indicated by an urticarial wheal or hemorrhagic spot. 
Fever may result from the mere presence of lice upon the person. 

Lice are small wingless insects, and are divided into two groups, 
according to their method of feeding. The Mallophagtai include the 
biting lice, like the bird lice, which feed on the hair and feathers of 
animals, but do not suck blood. As far as is known, these lice do not 
transmit disease. The Anoplura^ or sucking lice, feed by sucking blood, 
and is the groui) concerned in the transmission of disease. Human lice 
have been regarded as belonging to three different species, Pediculus 
humanus (LinnaHis) rediculus capitis (De Geer), Pediculus corporis 
(De Geer), and Phthirius pubis (Leach). 

Pediculus hiinutnu^ corporis is often called the ‘‘body louse,” 
“clothes louse,” or the “gray back” of Civil War days, or the “cootie” 
in the Euroj^eaii w’ar. This louse is a parasite which depends upon 
human blood for sustenance and man’s body and clothing, for prolonged 
life and reproduction. The size varies with its maturity : a newly 
hatched louse is about the size of a pin\s head, while a full grovrn, well- 
fed louse is about one-sixteenth of an inch in length. The louse is cov- 
ered wdth a smooth, hard substance, known as chitin, which is impene- 
trable to most chemicals. 

The body is divkled into head, thorax and abdomen. At the sides 
of the head are two antenna* ; the mouth has a long sharp stylet or stab- 
ber, which is used for i)uncturing the skin, and is adapted for blood 
sucking. Attached to the tliorax are. six legs, with a single large claw 
at each extremity. The first pair of legs in the male differs from those 
of the female in that a thurab-like projection is i)resent which is much 
larger than that in the female. The abdomen is divided into eight seg- 
ments. The terminal one is indented in the female and rounded in the 
male. The abdomen of the female is broader than the male. There is 
some evidence that there are more females than males. 

The life histories of Pediculus humanus (Pediculus capitis and Pedic- 
ulus corporis) and Phthirius pubis are similar in that the insects, after 
emerging from the egg, undergo three moults before attaining sexual 
maturity. 

The eggs or nits are laid on fibers of clothing or body hair. They 
prefer to lay eggs on rough material such as felt, wool or flannel, but 
will deposit eggs on silk. For this reason the protective value of silk 
underwear is doubtful. The egg is ovoid, about one-twenty fifth of an 
inch long with a granular cap or operculum. They are firmly fixed 
to the hair by the cement, the operculum usually pointing to the 
distal end of the hair. The freshly laid egg is almost transparent, but 
as the embryo develops the egg assuihes a yellowish color. Egg^ are 
difficult to find on white or gray cloth. The empty shell is hard and 
remains attached after the louse has emerged. The shell and the* cement 
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are resistant to chemicals: uo solution will remove it without first de- 
stroying the hair or fiber to which it is attached. At the temperature 
whir?h ordinarily exists between the skin and the clothing the eggs hatch 
in from seven to ten days, but if kept in a cooler atmosphere the incu- 
bation period is lengthened. Nuttall, in describing the mechanism of 



Fig. 5. — Pediculus Hum anus Corporis, Male. 

the emerging louse, states that air passes through the operculum which 
is taken in by the insect and then passes out behind until the air in- 
creases and the louse is gradually forced out through the operculum. 
The first moult occurs after two days, the second, two days later, and 
the th\pd, after three days, A complete cycle from* egg to egg takes 
about sixteen days. 
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Oviposition in Pediculus hunmmis commences twenty-four to thirty- 
six hours after the emergence of the female from the third larval skin. 
The number of eggs laid depends upon the food supply and the tem- 
perature at which the female is maintained. Under optimum natural 
conditions 300 eggs represent the normal number which a female is 

V'; ^ ‘ , I 



Pig, 6. — ^Pedutittats Hxtmantjs Corporis, Female. 

capable of laying. Bacot stated that a female louse under ideal condi- 
tions might have 4,000 offspring during her life time. The average life 
of a louse is from thirty-five to forty days, probably a little less for the 
males. 

Incubation is eight days, at 30° C. (86° F.), which is zhe optimum 
temperature. This period may be lengthened or shortened by varying 
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the temperature. Therefore, infested persons who remove their cloth- 
ing at night will become less heavily infested than those who wear their 
clothing continuously. The periodic cooling of the clothing and con- 
tained lice leads to their progeny being materially reduced. 

The female louse may lay infertile eggs which soon shrivel up. There 
is no evidence of parthenogenesis. 

Lice feed immediately after emerging from the egg. A young louse 
will die within twenty-four hours if no blood is obtainable, while a well- 
fed louse can live ten days away from its host. Lice feed a number of 
times during the day. They feed most frequently at night, when the 
host is at rest. When lice become ravenous with hunger they feed to 
excess and may impture the intestinal canal. The louse depends upon 
the salivary secretions to dilate the capillaries so that blood flows freely. 
The feces of lice contain a large proportion of undigested red blood-cells. 
There is no evidence that lice have an olfactory sense. 

Vermin-infestation is spread either by cojitaet with the infested per- 
sons themselves, their clothing or their personal effects. One vermin- 
infested man may spread lice to many of his associates. The soldiers 
believe that trenches and dugoiits were “lousy’’ and that they obtained 
Their infestation from them. This was not true, for the infestation was 
obtained owing to the overcrowding in those places. Ijice only leave the 
host voluntarily, when the person has fever or dies. In the first instance 
the excessive heat drives them off, and in the latter the lack of food 
supply. Lice may be dislodged by brushing and so fall to the ground. 
It has been found that lice buried in sand at a depth of four inches will 
crawl to the surface. They may be blown by wind. Lice are ordinarily 
not found in bedding and blankets unless I'eccntly occupy ed by vermin- 
infested individuals. 

Lice are most often found in those parts of the garment which are in 
closest contact with the body, such as the fork of the trousers, waistline, 
armpits an<i neck. They are found in the inner as well as the outer 
garments. Liee may be found on any garment or article worn by an 
infested man. In conducting inspections for lice it is important to bear 
this in mind, and remember that the louse may lay its eggs on the hair of 
the head as well as any other hairy part of the body. This is of great 
importance in obtaining satisfactory results. The disinfestation of cloth- 
ing alone is not sufficient. 

Pediculus hummius capitis is perhaps the commonest variety of louse 
in civil life. Sobel states that about twenty-two per cent, of the school 
children in New York are infested, some 150,000 to 185,000 cases having 
been reported during the years 1909 to 1912. Pediculus capitis shows 
no material difference in its biology from the Pediculus corporis^ the 
only diflPerence being racial. It lays fewer eggs, and is perhaps shorter 
lived. It is found mostly on children, especially on girls on account of 
their long hair, and on old people. It is found commonly in the tem- 
poral and occipital regions. Although this is the common habitat, it 
may be found on other parts of the body, in which case it would be diffi- 
cult to determine whether it was Pediculus corporis or Pediculus cap- 
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Fig, 7. — Egos or Xits of Pediculus Humaxus Corporis. (Large Magnifioatiou.) 
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itis. This insect is spread by contact such as occurs in schools, and by 
brushes and hats. The common hook in school houses may be a method 
of transfer. If hair is worn short infestation is less likely to occur. The 
experiments of Goldberger indicate that the head louse may transfer 
typhus fever. Considering that typhus fever is endemic in certain sec- 
tions of the United States, it is of the greatest importance that the high 
degree of infestation in schools be diminished. 

An effective treatment is to anoint the head with an equal mixture of 
kerosene and vinegar or kerosene and olive oil. The head should be 
wrapped in a towel over night and shampooed in the morning. Repeti- 
tion of this procedure may be necessary. Combing with a fine comb will 
remove the nits. In males the hair should be cut. 

The VJithirms puhis (crab louse) looks unlike pediculi and closely 
resembles a crab. It is about one-sixteenth of an inch long. It is usually 
found in the pubic and perianal region, but may be found on the abdo- 
men and chest, axillae and down over the thighs. They have been found 
in the eyebrows. The nits are laid near the bases of the hair. Phthirius 
feeds almost continuously. A female lays about twenty-five eggs in her 
lifetime. Eggs hatch in about seven days. They die rapidly when 
removed from man. Development is the same as in the case of the 
pediculus. This insect is transmitted mainly by contact in lodging 
houses, houses of prostitution, bath tubs and toilet seats. It has not 
been known to transmit disease. Treatment consists in shaving the body 
hair. If skin irritation is present some bland ointment should be ap- 
plied. The use of blue ointment may cause skin irritation and care 
should be exercised in its use. 

The destruction of lice and their eggs is called lousing' ' or ^‘de- 
lousing." In considering any delousing method, it is important to note 
that the ideal method is to destroy lice, their eggs and the virus con- 
cerned in the transmission of disease. If it were possible to tell non- 
infected lice from infected ones, such stringent measures would not be 
necessary. The manner with which delousing can be carried out depends 
upon the place and facilities put at one's disposal. For instance in 
armies, the methods employed in front line trenches would be different 
from those emiiloyed in the rear. Lice transmit disease by way of the 
excreta, the virus gaining entrance through the puncture wound made 
by the louse while sucking, or is scratched in by the infested individual. 
Ijouse-borne diseases, therefore, may be conveyed to an individual even 
though the lice and their eggs are destroyed. 

For the destniction of lice in clothing on a large scale, the most effi- 
cient method is heat. Dry heat is perhaps more convenient to use, but 
it is not as effective as moist heat. Dry heat has the advantage in that 
leather material and rubber goods may be disinfested. Steam is better 
than dry heat because penetration is better, and it disinfects as well. 
A temperature of dry heat which would be sufficient to destroy the 
viruses of relapsing fever, typhus fever or trench fever would also 
injure woolen materials. 

Both lice and nits are destroyed at 55® C. (131® F.) dry heat in five 
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minutes. In practice, this exposure should he lengthened to thirty min- 
utes at 70® C. (158® F.). In a steam disinfector if the clothing is not 
tightly packed, exposure should be from twenty to thirty minutes. 

The following delousing methods are employed: 

1. Mechanical 

2. Heat 

(a.) Moist 

(1) Boiling water 

(2) Serbian barrel 

( 3 ) Steam disinfector 

(4) Field sterilizing box 

(5) Portable sterilizer 

(6) Trains, locomotives 

(&) Dry 

(1) Flat-iron 

(2) Oven 

(3) Hot -box 

(4) Hot-air huts 

3. Chemical 

(a) Insecticides 

(h) Fumigation 

(c) Sachets 

(d) Powders 

Clothing can be freed of lice by storage. Sufficient length of time 
must elapse for the adult lice to die, and nits to hatch. Nuttall advises 
that clothing be stored in a dry temperature two or three weeks. Since 
hatching has been delayed thirty-five days by low temperature, it would 
be safe to allow thirty to forty days during cool weather. In some 
armies the men mechanically removed lice from their clothing, but this 
is never an entirely effective measure. 

Lice and eggs in vermin-infested material immersed in water at 70® 
C. (158® F ) for five miimtcs will be destroyed. This method is imprac- 
tical on a large scale. The field sterilizer box is an improvised box into 
which steam is conducted. This box may be mounted or not, as suits the 
purpose. 

The Serbian barrel was used with success during the typhus cam- 
paign in Serbia and Bulgaria. It consists of a large barrel, the bottom 
of which is freely perforated, while the top is removed and replaced by 
a weighted lid. At the lower end is a sand bag collar to prevent the 
escape of steam, which enters the barrel from a metal boiler upon which 
it rests, both barrel and boiler being imbedded at their junction in the 
brickwork forming the furnace. The furnace may be made long and 
narrow, with a chimney at one end, and the boilers and barrels placed 
in series. It is important that steam be generated rapidly. The clothing 
to be deloused is placed in at the top and the lid placed on tightly. After 
the steam is generated, the clothing remains in the barrel for one hour. 

All clothing, except leather material, rubber and celluloid may be 
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Fig. 8.— Plan of Delousing Plants Constructed in the United States. 
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Fig. 9. — Delousing Plant at a Debarkation Camp in the United States. 
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handled in this manner. A portable steam disinfector may be employed, 
and is useful because it can be drawn from place to place. Locomotives 
have been used to generate steam, which is then conducted into sealed 
trains. A great deal of material can be handled in this manner. 

The delousing plant here described was devised by the author for 
the delousing of all troops returning to the United States. There are 
certain principles that a delousing plant shouhl observe in order to be 
successful. The clean men must be separated from the vermin-infected 
ones ; the clothing as well as the body must be treated ; the plant must 
operate rapidly and it should be warm and light. The plant described 
here could handle about 200 men and all their equipment every hour, or 
about 5,000 a day, working continuously. 

According to the plan, the man enters with his baiTack bag, contain- 
ing all his clothing. The leather material, rubber, celluloid and money 
are checked in the locker room. The soldier receives two numbered tags, 
corresponding to the number of the locker, and then proceeds to the 
disrobing room with his barrack bag. All the clothing is placed in the 
biig, which is tied and numbered with one tag, the man retaining the 
remaining one. The bag is placed in the carriage, which is pn.shed into 
the steam sterilizer. The sterilizer is 18 VI* feet long by 5 feet in diam- 
eter, and is provided with two cars and transfer tracks, so that one car 
will be loading or unloading, while the other is in the sterilizer. 

The soldier then proceeds to the hair-cutting room. Before entering, 
he is inspected by a medical officer for vermin and nits. If these are 
found on the hair of the head, axillary or pubic regions, he passes into 
the barber-shop. If none are found, he passes into the shower-room. 
In the barber-shop, the hair is cropped with an electric hair-cutting 
machine. The axillary and pubic hair can be shaved here also. Fol- 
lowing this, he enters the shower-room, where a thorough bath with 
liquid soaj) and warm water is obtained. The soap employed is a kero- 
sene soap mixture. A drying-room follows, a table being provided for 
clean towels, and a receptacle to receive the soiled ones. 

Ill regard to the clothing, provision is made for a x>i’essing-room, as 
the clothing may be wrinkled following sterilization. If the clothing is 
carefully folded, the wrinkling is very slight. Wrinkling also may be 
avoided by iilacing clothing on hangers. The pressing of garments 
retards the speed of the plant. 

Following the sterilization of clothing, the leather material, etc., is 
reclaimed at the locker room.^ In the presence of heavy infestation or 
an eiiidemic of louse-borne diseases, everything should be treated and 
so a small dry-heat plant should be used for the non-sterilizable ma- 
terial. The steam disinfector is best operated by applying vacuum, 
steam, and vacuum in that order. With this process, no shrinkage of 
woolen materials results and the clothing comes out dry. The floor of 
the building is of concrete, and two toilets are provided for the clean 
and infested men. 

The flat-iron hw been employed for the pressing of seams. This 
method is impracticable on a large scale. Hot ovens have been used. 
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Care must be observed not to scorch the clothing. Penetration with dry 
heat is not as complete as when steam is used. Stagnant hot air is less 
effective than circulating hot air. 

In the front area, in dugouts and trenches, the hot-box may be used. 
This box was devised by the author, and is based on the principle of the 
fireless cooker, and is used by heating a piece of metal, and placing the 
clothing which is protected from the metal over it. The temperature 



Fig. lU. — H ot-box Used for Delousinc. 

obtained is sufficient to destroy lice and eggs. The clothing remains in 
the box for one hour. 

The hot-air hut is a hut in which air heated to 70° C. (158° P.) is 
made to circulate in space, either naturally through inlets and outlets, 
or is kept moving by fans. The objects to be disinfested are hung 
loosely in the chamber, so as to allow the free circulation of air about 
and between them. 

Chemicals act to destroy lice and nits on clothing and hair, or to 
repel them. Many of the insecticides recommended have been shown to 
be worthless, as they do not affect nits. Essential oils, such as eucalyp- 
tus, anise, oil of wintergreen and oil of cloves act as local repellants, but 
do not destroy nits. A powder employed by the English met with some 
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success. It consists of naphthalene (96 per cent.), creosote (2 per 
cent.) and iodoform (2 per cent.). The commercial naphthalene was 
the best. In the studies of Kinlock, and Moore, it was found that the 
combined powder was more toxic to lice than any of its constituents. 
The jKJwder acts as a repellant, and does not destroy nits. It should be 
dusted into the seams of clothing every three days. The fork of the 
trousers should be avoided, as it may cause smarting. Moore believes 
that a powder oonsistin^f of talc (20 grams), creosote (1 c.c.) and 
sulphur (0.5 gram) is more effective. In conjunction with the powder 
the English employed a mixture known as Vermijelli, which consists of 
crude mineral oil (5i/^> pints [3 liters]), soft soap (3 pounds [1360 
grams]) and water pint f.25 liter]). This is smeared in the in- 
terior seams of the clothing. Sachets have a limited radius of action, 
andvare useless under held conditions. 

The practical application of underwear impregnated with chemicals 
has given •unsatisfactory results. Experiments by Hirschf elder and 
Moore using the sodium salt of dibrominated crude cresol, the mono- 
brom-meta-cresol, and dibrom-meta-cresol indicated that these chemicals 
have a toxic effect on lice and nits. 

Various fumigation methods have been employed, but experience has 
shown many of them to be ineffective, as they do not destroy nits. Sul- 
phur will not destroy nits. Hydrocyanic acid gas is effective when used 
in large amounts. Three to Sy^ ounces (90 to 105 c.c.) per 100 cubic 
feet is sufficient to kill adult lice and nits, when the surface of the cloth- 
ing is freely exposed to the fumes for one-half hour. AVhen clothes are 
tightly packed in trunks 6 ounces (180 c.c.) per 100 cubic feet with 
twenty-five inch vacuum should be used for two hours. This gas is very 
poisonous. Moore recommends chlorpicrin because it penetrates cloth- 
ing and will kill lice and eggs in proportion of 4 c.c. (1 dram) to 1 
cubic foot for thirty minutes. 

The method employed by the United States army in excluding ver- 
min-infestation, and diseases transmitted by vermin, from the United 
States may be cited, as being thoroughly effective. At certain periods 
over 90 per cent, of our troops were vermin-infested prior to embarka- 
tion from France to the United States. All troops were detained for 
two weeks prior to embarking so as to detect all infectious disease. Dur- 
ing this period all troops were supposed to be deloused, but owing to 
the rapidity with which troops were returned to the United States this 
was not always possible. Troops were examined at sea, by a medical 
officer, and they were directed to examine their clothing daily for lice. 
Vermin-infestation discovered in this way was treated on the transport. 
On arrival in the United States troops were prevented from coming in 
contact with civilians, and were immediately sent to the nearest camp. 
They were received in an “unclean area," and immediately deloused. 
Following delousing they were assigned to “clean" barracks. Before 
discharge from the service each soldier was examined again, and infesta- 
tion noted. From November, 1918, to June, 1919, inclusive, 2,500,665 
men were examined and discharged from the service, and only 5 in 
every 100,000 were found infested. Most of these were Phthirius pubis. 
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Not a sing^le case of a louse-bome disease was brought into the United 
States. 

During a typhus epidemic separate typhus hospitals should be estab- 
lished and separate enclosures for typhus contacts. When a case is 
disi^overed the patient should be removed to the hospital — never treated 
at home. All contacts with the case should be removed to the contact 
enclosure. On arrival in the hospital all clothing from the patient 
should be removed in the receiving ward. This should be sterilized by 
steam and placed in a store-room. The patient should not be allowed 
to take any of his belongings to the ward. The hair of the head, axil- 
lary and pubic region is then cropped with a hair clipper, the hair being 
carefully collected and burned. The patient is then bathed with warm 
water and soap, given clean pajamas and removed to the ward. Pa- 
tients can be rapidly handled if the receiving ward is divided into a 
receiving-room, barber shop, bath-room, drying-room and examining- 
room, and the patient is made to pass through in that order. In this 
manner the patient arrives before the doctor in a clean condition. The 
wards of a typhus hospital will remain vermin-free only if such a pro- 
cedure is carried out. 

Daily vermin examinations should be made on all patients. All 
attendants in the wards and receiving department, and all doctors and 
nurses, should wear the louse-proof suit. This consists of a one-piece 
garment made of heavy muslin which goes over and covers the shoes, 
and is tied about the neck. Cotton gloves are sewed on tlie sleeves. 
Nurses should wear the same garment, with a skirt wom over it. A 
sterilized garment should be wom whenever a ward is entered. When 
the doctor leaves the hospital the garment is removed by an attendant, 
who places it into a bag and sterilizes it. A shower and clothes closet 
should be provided near the exit of the ward, where attendants may 
change. If possible typ)hus immunes should be employed in the hospital. 

Visitors should not be allowed tn enter the wards of the hospital. 
In typhus-stricken countries the hospital attendants are a source of great 
danger. They usually come from the peasant class, and their habits of- 
cleanliness are generally bad. They should be taught the value of clean- 
liness, supplied with proper living quarters and repeatedly inspected 
for vermin. They should not be allowed to leave, as they may bring 
infestation back into the hospital. 

The room from which the patient is removed should be carefully 
cleaned, and closed for two weeks. It may be fumigated with hydro- 
cyanic acid gas. All sterilizable material should be disinfected. Car- 
riages and wagons which are used to convey patients to the hospital 
should be carefully cleaned daily. When patients are carried on trains 
these should be carefully cleaned. During an epidemic all plush-seated 
cal's should be removed and only cars without upholstery or European 
third class cars employed. Lice may fall into the crevices of plush seats 
and are difficult to remove. 

All contacts should be isolated fourteen days, in a separate building 
or camp, being carefully deloused before entering. They should be 
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directed to examine their clothing daily for lice and should be inspected 
for vermin by doctors or trained assistants daily. The temperature 
should be recorded twice daily, and daily inspection made to detect the 
first symptom of the disease. 

An educational campaign should be carried on by lectures in schools, 
public squares and churches, and by issuing pamphlets on the nature 
and spread of the disease. 

In order that typhus fever may be properly handled in a community, 
rigid rules and a certain definite procedure must be put into effect. As 
typhus fever is usually associated with poverty and distress, clothing 
and food should be supplied the stricken people. 

The fact should be kept constantly in mind that the louse is necessary 
for the spread of typhus fever, just as the mosquito is for the spread of 
malaria, and our efforts toward prophylaxis should be conducted with 
this point continuously in mind. Even with the knowledge of the mode 
of transmission of typhus fever, individual prophylaxis is still some- 
what difficult, especially where infected insects abound in thickly pop- 
ulated centers. 

For that reason it is recommended that those exposed to the disease 
should be vaccinated with the polyvalent vaccine prepared from cul- 
tures of the Bacillus typhi-exanthematici. The results of studies carried 
on in the Balkans in 1915-1916, in which over 8,000 people were inocu- 
lated with this vaccine, indicate that the reaction is mild, and that some 
definite immunity is produced. Of this number inoculated only six 
contracted the disease, although all those inoculated were exposed to 
typhus fever. Caldwell, the associate director of the American Red 
Cross Commission to Serbia, during the typhus epidemic of 1915, and 
director of prison camp conditions in Germany, reports the following 
regarding the value of the typhus vaccine: “Of the 200 or 300 people 
not immune to typhus, who found it necessary to go to this part of 
Europe (Serbia) during the epidemic, all of whom were inoculated with 
the Plotz vaccine, among which numbers were all the members of the 
American Bed Cross Sanitary Commission with but one exception, and 
the members of the mission which Columbia University sent to Serbia, 
and many others who were exposed at some time or another to greater 
or less degree to the infection, not one case of typhus developed.” 

The occurrence of mild cases of endemic typhus fever (Brill’s dis- 
ease) in a community like New York does not call for such strict rules 
as is indicated for the epidemic cases. These cases occur only endem- 
ically and can be easily handled, and although usually only one member 
of a family comes down with it, it must be observed that there is an 
instance reported where four members of a family had the typical dis- 
ease in New York City. It should be recognized, moreover, that this dis- 
ease is typhus fever, and should therefore be quarantined. 

General Management. — Treatment is purely symptomatic. Rest 
in bed, fluid diet and forcing fluid are the best treatment. Bromids or 
morphia may be given for the delirium. Hydrotherapy may be em- 
ployed. Small doses of digitalis have been recommended. The essential 
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thing is good niirsing. Proper care of the mouth is important. Sal- 
varsan is of no use. 

Nicoll and Blaizot have produced a serum by immunizing asses with 
the organs of guinea pigs infected with typhus. This serum has been 
employed on man and animals and favorable results are reported. 

Prognosis. — The prognosis varies with the condition of nourishment, 
nature of the disease, and general constitution and age of the patient. 
The older the patient the more severe the prognosis. In patients above 
forty-five the prognosis is bad. Persons who have never before been 
infested with vermin apparently suffer more severely than those who 
have. The mortality in Americans, English and French serving in the 
Balkans was high. In epidemics the mortality varies from 10 to 80 per 
cent. Endemic typhus is mild, the mortality being less than 1 per cent. 

Pathology. — Typhus fever is characterized by the absence of any 
definite pathological lesion. The orgajis show the usual changes that 
are found in any severe febrile disease. Hraur describes a hyperplasia 
of the follicles in the spleen. Fraenkcl describes a skin lesion which he 
regards as pathognomonic. It consists of a necrosis and proliferation 
of the endothelial cells of the small arteries and a perivascular infiltra- 
tion of small round cells. ThiuJtof and others have confirmed this obser- 
vation. In the Austrian army, in 1916, the diagnosis of typhus fever 
was often made by finding the typical skin lesion. 

Geographical Distribution. — Typhus fever was exceedingly preva- 
lent throughout Europe in former times, but owing to the itriprovement 
in sanitary conditions it has become confined to certain endemic areas. 
Typhus is a disease of cool and temperate climates. It has been found 
in Europe, Africa, Asia, India and America. The common endemic 
centers in Europe are Galicia, Russia, Poland, Ireland, Serbia, Bulgaria, 
Albania, Montenegro, Greece, Koumania and Turkey. The disease is 
also found in Italy, Scotland, Spain, Bohemia, Austria and Hungary. 
In Africa it has been recorded from Morocco, Algeria, Tunis, Tripoli and 
Egypt. In Asia, from Armenia, Persia, Asia Minor, IVlesopotamia, North- 
ern China, Korea and Japan. In America, from Canada, the United 
Stales, Mexico, Peru, (Jiili, Brazil, Bolivia, Nicaragua and Argentina. 

Tlie following table comjhled by Nutt all, from Low, shows the centers 
where typhus o<*curs most frequently. The decrease in the number of 
cases in succeeding y(*ars was, no doubt, due to the diminution in the 
number of vermin-infested persons, and a better standard of living. 

England and Wales... 1869-83 1884-98 1899-1913 

(15yrs.) (15yrs.) (15yrs.) 


23,702 2,249 390 

Scotland 1865-74 1875-84 1885-94 1895-1904 1905-14 

(10 VI’S.) (lOyrs.) (lOyi’S.) (lOyrs.) (lOyrs.) 
5,547 2,693 818 308 147 

Ireland 1869-83 1884-98 1899-1913 


(15yrs.) (15yrs.) (15yrs.) 
11,544 4,703 1,043 
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Italy 1887-1900 

(14 yrs.) 
18,009 

Galicia 1895-1904 

(10 yrs.) 
5,592 

Germany 1 886-95 

(10 yrs.) 
302 

Russian Empire 1905-11 

(7 yrs.) 


1901-14 
(14 yrs.) 

1,514 
1905-12 
(8 yrs. only) 
2,181 
1896-1905 
(10 yrs.) 
81 


1906-10 
(5 yrs. only) 
19 


European Russia 45,533 

Poland 1,126 

The Caucasus 1,546 

Siberia 681 

Rest of Asiatic Russia 327 


Total 49,213 

Mexico City 1893-1913 

(21 yrs.) 

14,758 

History. — The history of typhus fever is recorded during periods of 
famine, misery, filth, overcrowding and wars. Typhus fever is a disease 
of great anti(piity and was no doubt one of the diseases to which fre- 
quent allusion is made in the Bible under the term ‘‘pestilence.’^ The 
history of this disease has been carefully treated by Murchison and 
Hirsch. 

Some of the cases reported hy Hippocrates in his book on epidemics 
are suggestive of typhus. Fracastorius, in the sixteenth eentuj*y, clearly 
described typhus fever under the terra “febris pestilens. ” He describes 
a red eruption appearing on the arms, chest and back from the fourth 
to the seventh day. The spots resemble flea bites, but are somewhat 
larger. The most marked symptoms mentioned are great prostration, 
feeble pulse, infected conjunctivin and low muttering delirium. The 
disease lasted from seven to fourteen days. Before the description of 
Fracastorius, and for some time afterwards, the disease was confounded 
with certain epidemic infectious diseases, especially plague. Thus, “the 
plague” which originated in Cyprus in 1525-28 and ravaged almost the 
whole of Italy was undoubtedly typhus fever. Hildenbrand believes 
that a number of other diseases designated as “the plague” (pest) in 
the sixteenth and seventeenth centuries were undoubteelly epidemics of 
typhus fever, as, for instance, the plague in Meissen, 1574, the plague 
in Denmark, 1613-1652, and the plague in Leyden in 1669. 

Typhus fever usually follows in the wake of armies, and when it 
occurs it claims more victims than the casualties of war. In the siege of 
Granada in 1489 aboilt 17,000 of Ferdinand’s soldiers died of a fever 
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which was designated as “tabardillo/’ on account of the spots appear- 
ing on the skin. Morbus hungaricus appeared in the army of Maxi- 
millian II in Hungary in 1566 and then rapidly spread over the greater 
part of Europe. 

The sixteenth century was marked by the prevalence of typhus fever 
in England. The disease was so common in jails that it spread from 
prisoners when they were brought for trial to court officers. These 
court sessions were designated black assizes.” Vaughn describes a 
notable instance which occurred at Oxford in 1577. “The prisoner was 
Rowland Jenks, a bookbinder and a Roman Catholic, who was charged 
with treason and protanity of the Protestant religion. He was sen- 
tenced to lose his ears. The trial was held at Oxford Castle, July 4. 
Several prisoners were brought into court in the course of the trial. The 
chronicle stat(‘s that an infectious damp of breatli spread through the 
room. Above 600 sickened in one night ; and the day after, the infec- 
tious air being carried into the next village, sickened there more than 
an hundred more, lly the twelfth of August 510 persons perished. The 
infection arose from the nasty and pestilential smell of the prisoners, 
when they came out of the jail, two or three of whom had died a few 
days before the assize began.” 

The whole of central Europe was desolatcxl by war, famine and pesti- 
lence during the Thirty Years’ War (1619-1648). In 1658, Morton 
states that England was one vast hosi)ital filled with victims of this 
fever. The great plague of London (1665) was preceded, accompanied 
and followed by typhus fever. The eighteenth century was character- 
ized by numerous epidemics. Ireland was particularly afflicted with the 
disease. Each new outbreak was associated with famine and great want. 
From 1740-1741, 80,000 Irish died of famine and spotted fever and one- 
fifth the populaliori of IMunster perished. Hirsch divides the eighteenth 
century into four periods. The first joins on to the war pestilence which 
occurred in Germany, Austria and Hungary at the end of the previous 
century and extends to about 1720. During this period three severe 
epidemics occurre'd in Ireland, (1) 1708-1710, (2) 1718-1721, and (3) 
1728-1731, the last two having affected a large part of England and 
Scotland as well. During the second period (1734-1744) typhus was 
spread over a large part of eastern and central Europe. During the 
third period (1757-1775) we find tyjdius after the Seven Years’ War, 
and again after the war between England and Spain. The fourth 
perio<l occupies the last ten years. It begins with the revolutionary 
wars in France and ends in the second decade of the nineteenth cen- 
tury with the final retreat of the French army across the Rhine, the 
overthrow of the empire of Napoleon and the restoration of peace. 
Typhus fever was the terror of the Napoleonic campaigns and decimated 
the French army already demoralized physically and morally by the 
terrible r(‘treat from Moscow. Prinzing estimates that from 200,000 to 
300,000 pei'sons succumbed to typhus fever in Germany during the years 
1813-14, and that 2,000,000 contracted it. 

After 1830 the disease abated on the European continent, while in 
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Ireland and England, where the disease has always been prevalent, it 
continued unabated, and occasionally broke out in extensive epidemics. 
Prom 1816 to 1818 the disease raged throughout England and Ireland. 
In Ireland alone one-eighth of the entire population was affected and in 
Dublin as many as one-third of the inhabitants were attacked. Over 

40.000 deaths are recorded. 

Prom 1826 to 1848 typhus epidemics appeared in Ireland and Eng- 
land with more or less severity. In 1846, the year of famine, an un- 
usually severe epidemic broke out in Ireland, and was carried to Eng- 
land where it reached its highest point in 1847 and continued until the 
end of the following year. The last epidemic in England occurred in 
1863-1864. 

During the nineteenth centu.ry typhus fever made its appearan(*e 
with various wars. During the Crimean War it attacked both the 
PYench and English armies. The Italian campaign of 1861 and the 
Turco-Russian War of 1878 contributed a number of victimvS; over 

100.000 cases with a mortality of 50,000 are recorded. 

Typhus fever became epidemic in Mexico soon after the conquest in 
1530 and has continued in endemic forms wuth occasional epidemics to 
the present time. P]pidemics are recorded for 1545, 1575 and 1736 
when 192,000 are said to have died of this disease. 

Typhus fever was introduced into the United States by Irish immi- 
grants just after the famine in 1846. There was typhus fever in New 
York in 1850 and 1851. The last epidemic occurred in 1892 when eight 
of twelve doctors at Bellevue Hospital, New York, contracted this dis- 
ease and died. In 1910 Brill described a disease of unknown etiology 
which he has observed in New York since 1896 and which has subse- 
quently been shown to be a mild form of typhus fever. Anderson and 
Goldberger showed by cross immunity experiments that this disease was 
identical with Mexican typhus fever. These observers found that a 
monkey that had reacted with the virus of Mexican typhus fever was 
immune to the New York disease and vice versa. Plotz demonstrated 
that the organism isolated from endemic typhus fever (Brill’s disease) 
and epidemic typhus fever was identical. Endemic typhus fever has 
now been reported in the United States from New York, Massachusetts, 
Pennsylvania, Maryland, Virginia, Georgia, Indiana^ Illinois, Wiscon- 
sin, Minnesota, Washington, D. C., and California. 

In modem times typhus fever has again made its appearance as a 
result of the Balkan Wars, and the World War. Following the second 
Balkan war typhus fever broke out in Serbia, Bulgaria and Greece. As 
a result of this epidemic nineteen cases were imported into New York 
by Greek immigrants, but were detected and quarantined. Since the 
onset of the World War it has been estimated that 1,000,000 persons 
have died of typhus fever. The Serbian epidemic claimed about 135,000 
and the Roumanian, 200,000. At the present time it is impossible to 
obtain accurate statistics, but the disease has occurred in epidemic 
form in Russia, Poland, Germany, Austria, Hungary, Serbia, Bulgaria, 
Roumania, Greece, Turkey, Albania and Montenegro since the beginning 
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of the World War. The same conditions, namely, overcrowding, bad 
sanitary conditions and famine have been responsible for these epi- 
demics as they were in the past. 

Typhus fever was for many years confused with other epidemic 
diseases, and even as late as the early part of the nineteenth century 
typhoid and typhus fever were regarded as the same disease. Gerhard 
and Perinock, two Americans, definitely distinguished typhus fever from 
typhoid fever while studying an epidemic of typhus in Philadelphia in 
1836. It is interesting to record the fact that although typhus fever has 
been extremely rare in the United States, many of the important clin- 
ical and experimental facts have been obtained by Americans. Among 
these may be mentioned the keen clinical observations of Gerhard and 
of Brill, and the scientific studies of Ricketts and Wilder, Anderson and 
Goldberger, and the work carried on at the Mount Sinai Hospital, New 
York. 

This article would not be complete if some reference were not made 
to those martyrs of medical science who laid down their lives while 
studying this disease. The list affords a group of distinguished men 
in medicine. Tribute should be paid to that large group of physicians 
who knew the dangers to which they were exposed, and yet were willing 
to serve their fellowmen. Among the notable examples may be men- 
tioned Moczukowski, Ricketts, Husk, Cornet, Prowazek, Jochmann, Mac- 
Gruder and Donnelly, 
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Definition. — Typhoid fever is an acute general infection caused by 
the invasion of the body tissues by the Bacillur. typhosus. It is charac- 
terized, clinically, by a continued fever of peculiar ty])e, a cutaneous 
eruption of small maculopapules, a specific enteritis, splenic enlargement 
and a toxemia with distinctive nervous phenomena ; anatomically, by 
hyperplasia and ulceration of the intestinal lymph- follicles, hyperplasia 
of the mesenteric glands and spleen and by parenchymatous changes in 
the various organs of the body. Mutiplieity of symptoms and complica- 
tions and vaidability in the clinical history are marked features of the 
disease. 


ETIOLOGY 

Prevalence. — Typhoid fever is widely distributed throughout all the 
countries of the world. It is the most common continued fever. It 
prevails with about the same frequency in cold as in warm climates. The 
thickly populated temperate regions have the highest morbidity. 

There is a marked variation in the prevalence of the disease in the 
different countries of the temperate zone, and it may be fairly stated 
that the typhoid rate of any countiy is an index of the efficiency and 
observance of the laws of sanitation. The United States ranks high as 
an unsanitary country. In the registration area with a population of 
71,621,632 the number of deaths from typhoid fever in 1916 was 9,510 — 
a mortality rate of 13.3 per 100,000. On the basis of a case mortality 
of 10 per cent, there were 95,100 eases of the disease in the registration 
area in 1916. On the same basis Whipple estimated that there were 
353,790 cases of typhoid fever in the whole United States in 1900. In 
Germany the death rate was 3 per 100,000 in 1912. In England and 
Wales it was 4.6 per 100,000. Of the other European countries only 
Spain and Italy show a higher mortality rate than, the United States. It 
is gratifying to note, however, that the disease has been declining steadily 
in this country since 1906, undoubtedly as a result of an improved 
sanitary intelligence. The three five-year periods from 1901 to 1915 
show a mortality respectively of 32.0, 25.6 and 16.6 per 100,000. The 
declining rate is graphically shown in Fig. 1. 

Typhoid fever is endemic in many districts, especially in cities taking 
their waters from lakes and rivers constantly polluted by their own 
sewage or by that of neighboring towns. A continuous high typhoid 
rate has been the rule in cities situated on the Great Lakes and on the 



ETIOLOGY 


453 


large rivers of this country. Occasionally in these cities the disease has 
assumed epidemic proportions. In Chicago, in one year — from April 1, 
1891, to April 1, 1892 — there were 2,872 deaths from typhoid fever, rep- 
resenting approximately 24,000 cases. In Cleveland, in January, 1903, 
the disease suddenly increased in prevalence, and during the following 
sixteen months there were 4,578 cases and 611 deaths. 

Many small cities, usually free from tyrJioid, have had outbreaks of 
great intensity and short duration due to unusual conditions which 
caused temporary contamination of their water supplies. An epi- 
demic occurred in the spring of 1885 at Plymouth, Pa., a mining 



Fig. 1. — DjfiCLiNiNG Typhoid Fever Death Rate in New York City, New York 

State and the United States. 


town of about 8,000 inhabitants. There were 1,104 cases reported and 
114 deaths. The outbreak was caused by the careless disposal of the 
excreta of a single tyjJioid patient living in an isolated house on the 
bank of one of the tributaries to the impounding reservoirs of the water 
supply of the town. The excreta were thrown on the frozen ground, and 
were washed into the stream with the first rains of spring. 

Such dramatic outbreaks have occurred in many cities; they have 
fixed the attention of tht3 public upon the dangers of sewage-jiolluted 
water, and have hastened the improvement of public water supplies 
throughout the country. 

The special article on typhoid fever in the large cities of the United 
States, published annually since 1913 in The Journal of the American 
Medical Association, has revealed the sanitary status of the various 
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cities, and has done much to stimulate health authorities to search out 
and eradicate the causes of excessive typhoid morbidity. 

Occurrence of Typhoid Fever in Armies. — Until the recent great 
war, typhoid fever was the greatest scourge of armies in the field. 
In the American Civil War there were 75,368 cases of typhoid fever, 
with 27,056 deaths, in a field army numbering 431,237 men. The report 
of the Spanish American War Commission shows that with 107,973 
soldiers in the national encampments there were 20,738 cases of typhoid 
fever, with 1,580 deaths. The British Army in the South African War 
numbered 557,653 officers and men. There were 57,684 cases of enteric 
fever during the war, with 8,225 deaths. 

The Japanese Army was the first to profit by the knowledge of mod- 
ern sanitation in the prevention of typhoid fever. In the Russo-Japa- 
nese war, where the forces were approximately equal, there were but 
6,474 cases of typhoid fever in the Japanese Army as against 21,309 
cases in the Russian Army. 

Complete data are not yet available for the armies engaged in the 
recent war. In the American Army, from September 1, 1917, to May 2, 
1919, with an average strength of aproximately 2,121,396 men, there 
were reported only 1,901 cases of typhoid fever, with 213 deaths. In 
the American cantonments lyi^hoid fever was almost unknown. In 
twelve of the fifteen camps, not a single case occurred during the six 
months from September 29, 1917, to March 29, 1918. Cami^ sanitation, 
supervision of the water supply and — most important — aiitityi^hoid 
vaccination, practically banished tyi>hoid fever from the camps. 

Predisposing Causes 

Climate and Altitude. — Climate and altitude have no direct influ' 
ence upon the typhoid rate. Given the conditions for the easy conveyance 
of the bacilli from the sick to the well, typhoid fever will prevail re- 
gardless of temperature, humidity or other climatic conditions. 

Season. — The seasonal occurrence of typhoid fever has been recog- 
nized from the time of Hippocrates — hence the synonym “Autumnal 
fever.*' The seasonal curve of prevalence in the United States as plotted 
by the census bureau in 1900 shows a wave with its lowest point about 
the middle of June. The line rises slowly in the latter half of June, 
rapidly in July and August, more slowly in September, reaching its 
crest in October. Then it falls with about equal rapidity, reaching a low 
point in February. In March there is a secondary low wave and there 
is another in May. Striking local variations from this typical curve 
are frequent. The secondary waves of March and May are coincident 
with the increased surface w^ater contamination of water supplies during 
the heavy rains of spring. Epidemics from water pollution may cause 
secondary waves in any month. The adoption of filtration strikingly 
reduces the height of the secondary waves of winter and spring. 

The causes of the summer epidemic are complex. Heat favors the 
growth of the typhoid bacillus outside the body. This is probably a 
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minor factor. The fly-pest and the increased possibilities of infection by 
water and food are the best explanations. 

Soil. — In rural districts soil polluted with human excrement may be 
a medium of infection. The latter may be direct, conveyed by dust, flies 
or vegetables, or indirect, by infection of the drinking-water. 

Typhoid bacilli multiply in the soil only under unusual conditions. 
They live in soil under ordinary conditions only two or three weeks. In 
frozen ground they may retain their virulence several months. 

Heredity. — There is no satisfactory evidence that susceptibility to 
typhoid fever is inherited. Several members of a family occupying the 
same house may contract the disease, but it is quite certain that conta- 
gion or a common source of infection, and not hereditary susceptibility, 
is the predisposing cause. 

Personal Conditions. — Individual susceptibility to typhoid fever 
varies. Of a number of persons exposed, presumably to the same degree, 
a certain number will escape infection. In an instance under the author’s 
observation, a group of about 200 workmen drank water from a supply 
accidentally taken directly from the Detroit river, at a point where it 
is highly polluted with city sewage. Of the number, 156 developed 
gastro-enteritis within a few days after the incident. Typhoid fever 
developed in 56 of this group. 

There is some evidence that individual immunity may be acquired 
by repeated infection with small doses of the bacilli which have been 
overcome by the defensive mechanism of the tissues without producing 
a frank attack of typhoid fever — an accidental vaccination. This effect 
of constant association with infectious diseases is seen among physicians 
and nurses. The most important factor, however, in the production of 
individual immunity to typhoid fever is antityphoid vaccination or a 
previous attack of the disease. 

Active, robust health is no protection against infection ; in fact strong, 
well-nourished men show a decided susceptibility. In a community, an 
army or any group of men the strongest and healthiest seem to offer 
the least resistance to the disease, while those debilitate<l and exhausted 
by chronic disease or other acute infections show a relative immunity. 

Social Conditions. — Typhoid fever attacks without discrimination 
the high in rank and the lowly. Filth and overcrowding increase the 
liability to the disease only when they increase the opportunity for in- 
fection. London with its slums has a lower typhoid fever morbidity than 
the rural communities of the United States. 

In the registration states of this country the death rate from typhoid 
in 1916 was 24.5 in the cities, and in the rural districts 25.4 per 100,000 
of the population. Figures from other countries show a similar higher 
rural prevalence. In cities severe epidemics or localized outbreaks occur 
at intervals, due to contamination of the general water supply or to 
milk infection. In small communities scattered cases are continually 
present the annual total of which exceeds that of the more dramatic out- 
breaks that attract attention by short-lived virulence. Fulton found that 
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the death rate increased from 25 per 100,000 in states with an nrban 
population of 60 per cent, or over, to 67 per 100,000 in states with an 
urban population of 10 per cent, or less. Good water, efficient sewerage 
systems, well-administered regulations for milk- and food-inspection and 
a higher general sanitary intelligence help to safeguard the city dwellers. 

Newcomers in a district where typhoid is endemic show a greater 
susceptibility than do the older residents. Both Louis and Chomel ob- 
served tyi>hoid more frequently among the new residents of Paris. Of 
221 cases cited by these authors 149, or 67 j)er cent., had lived in the city 
less than twenty months, and only 6 had lived there from infancy. 

Occupation. — Occupation predisposes to typhoid fever only when it 
increases the chances of exposure to infection. Physicians, hosintal at- 
tendants, laundresses and soldiers are particularly exposed. However, 
antityphoid vaccination for persons liable to exposure because of occupa- 
tion has quite changed this state of affairs. As noted elsewhere the vac- 
cinated soldier is now safer from infection than the unvaccinated civilian. 

Sex. — The influence of sex as a predisposing cause seems to vary 
under different conditions and in different epidemics. In some outbreaks 
males predominate and in others females. In the typhoid of children 
boys are in a decided majority. They are more exposed than girls in 
many ways. The swimming hole is a fruitful source of infection. Men, 
by occupation and habits, are more exposed than women. In an en- 
vironment with equal exposure for both sexes it is probable that the 
difference in susceptibility would be insignificant. 

Age. — Typhoid fever is preeminently a disease of youth and early 
adult life. Approximately from 70 to 75 per cent, of the cases occur 
in persons between the ages of fifteen and thirty years; about 12 per 
cent, before the fifteenth and about 18 per cent, after the thirtieth year. 
Infants under the age of two yeai's are relatively immune, and the 
disease is quite exceptional after the age of forty years. In children 
mild cases are very frequent and, as shown by the studies of Koch and 
his associates, they are not often differentiated from other febrile dis- 
orders and do not figure in hospital statistics. It is not improbable that 
if the mild cases were included the relative incidence in childhood would 
prove to be considerably higher than is usually stated. 

Race. — The question of race immunity is not settled. There is some 
evidence that the Japanese and Arabs are relatively insusceptible. The 
practically universal prevalence of typhoid fever makes it more probable 
that local conditions rather than racial insusceptibility accounts for the 
low morbidity among these races. The low rate in the Japanese army 
as compared with the Russian army in the Russo-Japanese War can be 
accounted for by the more efficient sanitation in the former. Japanese 
officers knew the value of pure water, the importance of the efficient 
disposal of excreta and the danger from flies. They put their knowledge 
into practice and the orders of the medical officers were rigidly enforced. 

In the southern states there is a much higher percentage of typhoid 
fever among the negro population. Bad sanitation among the blacks is 



ETIOLOGY 


457 


the probable reason, as the difference disapjjears with general sanitary 
improvement in the southern communities. 


Exciting Cause 

Bacteriology: The Colon-typhoid Group of Organisms. — The typhoid 
bacillus was first described in the tissues postmortem by Klebs, Eberth 
and Koch in 1880. Pure cultures were obtained by Gaffky in 1884. At 
this time nothing was known of the large group of bacilli which we now 
call the colon-typhoid group and which at the present time includes 
some twenty-odd varieti€*s. Indeed it was not until 1886 that Escherich 
discovered the colon bacillus, the most important member of the group, 
considering its wide distribution. At the present time any discussion 
of the typhoid bacillus either from a biological or medical standpoint 
must include many other closely related organisms. 

Within the colon-tyy)lioid group of bacilli there are three sub-groups 
more or less sharply differentiated on cultural grounds. AVithin each 
sub-group the main types can often be separated by cultural studies, 
but cultural characters do not suffice to differentiate many individual 
members, and the agglutination reactions, especially absorption tests, 
must be resorted to. 

In general it may be said that a rod-like organism, either motile or 
non-motile, which does not form spores, which loses its stain by Gram’s 
method and does not liquefy gelatin, belongs to the colon-typhoid group. 
Beyond this point the throe main sub-groups are differentiated upon 
their reactions toward two carbohydrates, lactose and dextrose. 

Lactose is fermented, with the production of acid and gas, by mem- 
bers of the colon group, while members of the paratyphoid-enteritidis 
group and members of the typhoid-dysentery group leave lactose unaf- 
fected. The paratyphoid-enteritidis group is further distinguished from 
the typhoid -dysentery group by the ability of the former to produce gas 
from dextrose. This relationsliip is made clear by this diagram. 
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production of acad 
and gas 
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The importance of establishing the identity of any member of the 
colon-typhoid group of bacilli lies in the fact that some of these or- 
ganisms cause human disease, a considerable number cause disease in 
animals or both in animals and in man, and all pathogenic members of 
the colon-typhoid group, whether from men or animals, are intestinal 
in origin. It is evident therefore that when the practical problem arises 
of isolating one of these bacilli from any source whatever a complete 
differentiation from all other members of the group must be made.. Con- 
sidering the widespread distribution of colon bacilli and the importance 
of fecal contamination of water and food sources by members of the 
colon-typhoid group, the practical worker must necessarily exclude all 
the bacilli of this group whenever he identifies the typhoid bacillus and 
makes a diagnosis of typhoid fever. The examination of water and food 
supplies is an important phase of the typhoid problem, tending toward 
prevention. The colon bacilli found in water supplies may be largely 
differentiated as to whether or not they are of sewage origin. The im- 
portant members of the colon-typhoid group are as follows: 


Colon-Typhoid Group 

Colon Group Paratyphoid-enteritidis Typhoid-dysentery Group 

Group 


1. Bacillus aerogenes 

2. Bacillus coll cotnmunior 

3. Bacillus coli communis 

4. Bacillus addi lactici 


1. Bacillus enteritidis 1. 

(Gartner's) 2. 

2. Bacillus Paraiyphosus B 

3. Bacillus suipestifer 

(‘'Hog cholera") 

4. Bacillus paraiyphosus A 

5. Bacillus abortus equinus 3. 

6. Bacillus icteroides 

7. Bacillus Psittacosis 

8. Bacillus typhi murium 

9. Bacillus pullorum 

10. Bacillus sanguinarium 

11. Bacillus danysz 


Bacillus typhosus 
Bacillus dysenteries 

(а) Shiga 

(б) Strong 

(c) Park-His 

(d) Flexner 
Bacillus Fcecalis Alcal- 

igenes 


In spite of the large number of bacteria in the colon-typhoid group 
the carbohydrate reactions mentioned above immediately place any par- 
ticular organism belonging to it in one or the other of the three sub- 
divisions. The first subdivision, viz., the colon sub-group, are compara- 
tively rarely pathogenic and do not cause clinical conditions of a typhoid 
type. The colon bacillus may at times be a primary invader in local 
inflammatory conditions of the intestines, such as appendicitis, but even 
then it is more often present as a secondary invader and not as the 
primary cause. Therefore, from such a source as blood, urine or feces, 
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the lactose fermenters are immediately disregarded as causes of dis- 
ease, and the methods used for isolation of the causative organism 
in typhoid and paratyphoid fevers are based fundamentally upon this 
fact. 

If we find then from suspected material that bacteria belonging to 
the colon-typhoid group fail to ferment lactose we have ruled out the 
colon sub-group and may proceed to the differentiation of the other 
two, namely the paratyphoid-enteritidis group and the typhoid -dysen- 
tery group. This is accomplished by planting of non-lactose fermenting 
colonies into a medium containing dextrose. Members of the paratyi}hoid- 
enteritidis group produce gas from dextrose, while those of the typhoid- 
d^-sentery group do not. If we find that we have a gas-producer in 
dextrose-containing media our i)roblem is now to differentiate between 
the individuals of the paratyphoid-enteritidis group. If no gas is pro- 
duced in dextrose media we have a member of the typhoid-dysentery 
group of organisms to deal with. The latter case is a simple one. Mem- 
bers of the typhoid-dysentery group are easily separated by noting the 
presence or absence of motility and a few simple biological characters. 
The members of the paratyphoid-enteritidis group, however, are much 
more difficult to separate from each other on cultural grounds, and 
agglutination and absorption tests must be resorted to. 

The most important disease-producing organisms of the paratyphoid- 
enteritidis group are Bacillus paratyphosus A and Bacillus paratyphosns 
B, E])idemics of meat-poisoning have occurred from infection with 
Bacillus enicritidis (Gartner) and with Bacdlus suipestifer (hog-chol- 
era). Further, at least one epidemic from infection with Bacillus 
psittacosis from diseased i^arrots has been reported, and we are not 
certain that even the Bacillus danysz (rat virus) and Bacillus typhi 
murium (mouse-typhoid) are altogether non-pathogenic for man. More 
than this, our knowledge of the bacteriology of this group is still very 
unsettled and no general agreement has been reached concerning the 
individuality of some of its members. Some workers deny the identity 
of such organisms as Bacillus typhi murium, Bacillus danysz^ s, Bacillus 
psittacosis and Bacillus icteraides as separate individuals, but claim 
that cultures so designated in the past have been impure mixtures of 
one or more members of the group or have been identical (proved by 
agglutination and absorjition tests) with either Bacillus enteritidis^ 
Bacillus suipestifer, or Bacillus paratyphosus B. There is quite general 
agreement that Bacillus enteritidis, Bacillus suipestifer, and Bacillus 
paratyphosus B are separate species, giving rise to specific agglutinins 
and that each can be separated from the others by absorption tests. The 
separation of these three, especially Bacillus enteritidis and Bacillus 
paratyphosus B, from each other has not been accomplished on cultural 
grounds alone. 

The three organisms of the colon-typhoid group with which we are 
most concerned are Bacillus typhosus. Bacillus paratyphosus B and 
Bacillus paratyphosus A in the order of their frequency. However, it 
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Bhould not be overlooked that Bacillus suipestifer and possibly Bacillus 
enteritidis may cause typhoid-like infections in man, although this seems 
to be very uncommon, especially in the United States. 

The BACfiLLUS Typhosus. — The typhoid bacillus {Bacillus typhosus) 
is the sole cause of typhoid fever. Closely allied but usually milder 
clinical conditions are caused by the paratyphoid bacilli. The proofs that 
the typhoid bacillus is the causative organism of typhoid fever may be 
summed up as follows: 

(1) The bacillus is isolated in pure culture during life from the 
blood, urine, feces and rose spots, and after death from the spleen, 
lymph-nodes and bone-marrow of cases of typhoid fever. 

(2) The typhoi<l bacillus is not found in persons sick of other diseases 
and is not found in the blood or excreta of normal persons except in the 
stools of rare so-called normal carriers who are not known to have had 
typlioid fever but who transmit the disease to others. 

(3) The typhoid bacillus, when injected into anthropoid apes, or 
when taken by accident or with suicidal intent by man, produces a 
typical attack of typhoid fever. 

(4) The blood of a patient sick with typhoid fever ac(piires the prop- 
erty of agglutinating the typhoid bacillus in high dilution. The sera of 
patients sick with other diseases do not possess this property. 

(5) Lastly, the experiments of Metschnikotf and J3esredka have 
shown that it is the typhoid bacillus itself and not an adherent filterable 
virus which is responsible for the disease. 

Bacillus typhosus is a short, plump rod, from 1 to 3 microns long 
and from 0.6 to 0.7 micron broad. Under various conditions of growth 
it may vary from short coccus-like forms to long filamentous chains, and 
under unfavorable conditions may become vacuolated and show many 
involution forms and pseudo-spore formation. True spores are not 
formed. The organism is actively motile and possesses from eight to 
twelve or more peritrichous fiagcllap, usually from 6 to 8 microns long 
but often much longer. The flagelhe are stained with difficulty, because 
of tlie ease with which they break off from the cell under the conditions 
necessary for preparing and fixing the cover-glass film preparatory to 
staining. The bacillus is imbedded in a delicate matrix or capsule, to 
which the flagellie appear to be attached. Gram’s stain is not retained. 
Except for its greater motility, which may vary within wide limits, 
there is no optical character distinguishing the typhoid bacillus from 
other members of the group. The number and arrangement of the 
fiagella^ while usually different from that of Bacillus coli, is inconstant, 
and the difficulty of staining the llagellse so great as to make this pro- 
cedure useless in clinical laboratorj^ work. 

A. Growth ou Ordinary Media , — The typhoid bacillus is a facultative 
aerobe growing at ordinary room temperature as well as in the 
incubator. On ordinary media it has no distinctive cultural characters, 
which serve to differentiate it from other bacilli of the colon-typhoid 
group. In bauUl07i, a diffuse cloudiness, with the development of a 
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watered-silk appearance, develops. There is usually no pellicle formed 
on the surface of the bouillon, but the culture soon flocculates and an 
abundant sediment settles to the bottom of the tube. Bacillus typhosus 
does not liquefy gelatin. In stab and stroke cultures the appearance is 
not characteristic. The growth is rather scanty and does not increase 
after the first week. Surface colonies on gelatin plates, when examined 
with a lens, present a rather characteristic appearance. They are about 
the size of a pin’s head, after two days’ growth, and are thin and 
transparent, with an opalescent shine. The edges are indented and 
sinuous, with ridges extending from the indentations to the center, giving 
the colony a wrinkled ai)pearance. The center is thicker than the per- 
iphery and the picture presented has often been comparwl to an iceberg. 

On agar a copious, moist, vrhite streak develops which is in no way 
distinctive. 

On potato the typhoid bacillus usually develops as a transparent, 
almost invisible streak. This was formerly an important differential 
point distinguishing Had Lius typhosus from Bacillus coli. The latter 
organism produces a prominent, brownish or yellowish growth on potato. 
Occasionally the typhoid bacillus grows on potato like Bacillus coli, 
especially if the potato surface is too alkaline. The growth of Bacillus 
typhosus on potato is no longer resorted to in practical clinical labor- 
atory work for identification, although special media like that of Reiny 
and Suggs have been devised to utilize this characteristic. On these 
media typhoid and colon bacilli are said to be uniformly differentiated. 

In milk the typhoid bacillus grows abundantly without coagulating 
the me<lium and usually produces slight permanent acidity. 

The Bacillus typhosus is identified by its various biochemical re- 
actions, which may be discussed under the following heads : 

1. Action of carbohydrates. 

2. Non-produet ion of indol. 

3. Action on basic lead acetate. 

4. Influence of various dyes. 

5. Agglutination with artificially prepared anti-typhoid serum. 

B. Methods of Identification . — (1) Action on Carbohydrates. — Bacil- 
lus typhosus does not i)roduce gas from any carbohydrate. Acid is 
formed in media containing dextrose, levulose, galactose, mannite and 
dextrin. No acid is formed in media containing lactose, saccharose or 
dulcite, but in dulcite acid may appear after several we<*ks. The in- 
ability to produce gas from dextrose is the usual character which serves 
to differentiate Bacillus typhosus from the paratyphoid-enteritidis group. 
A more fundamental and constant character would seem to be the 
inability of Bacillus typhosus to ferment rhamnose, since the Bacillus 
sanguinarium of the paratyphoid-enteritidis group also fails to i)ro- 
duce gas from glucose. For practical i)urposes, working with strains 
of known human source, the gas production from glucose is a safe 
character for the differentiation of the bacilli of the paratyphoid- 
enteritidis group from the typhoid-dysentery bacilli. The Bacillus 
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paratyphmus A was thought to be characterized by its ability 
to produce permanent acidity in litmus milk without coagulation until 
Jordan showed that this phenomenon was only quantitative, due to the 
slower multi »^>lication of para A bacilli. After several weeks the growth 
of para A cannot be distinguished from para B on milk. Krumwiede 
has shown that para A "lifEers from all other members of the paratyphoid- 
enteritidis group in its failure to ferment xylose. The action of the 
colon-typhoid grout) milk has always been of imi)ortance. Milk 

contains coagulable proteins which may be either coagulated or digested 
by various organisms, and also contains lactose in considerable concen- 
tration, besides a trace of glucose. Those bacteria which ferment lactose 
vigorously, quickly coagulate the milk and produce abundant acid. This 
reaction is manifested by the colon group. Temporary acidity from the 
small amount of dextrose present is prodm^ed by the paratyphoids and 
by the Baeillus typhoms. These bacteria do not coagulate the milk. 
In the case of para A the slow growth of the culture produces an acidity 
which lasts usually several days and is of value as a difTerential char- 
acter, although Jordan showed that this is inconstant and temporary 
rather than permanent, as was formerly believed. Bacillus paratyphosus 
B produces a clearing, with a brownish staining of the fluid within a 
few days. Bacillus typhosus leaves the medium slightly acid or perma- 
nently unchanged. 

(2) Indol Production . — When certain bacteria are grown for from 
four to six days in peptone water (HuO 1,000 c.c., peptone 10 grams, 
NaCl 5 grams), indol. is j^roduced. There are two common methods 
of testing for its presence in cultures. 

SalkowskPs Method: To the culture add several drops of concentrated 
sulphuric acid or 1 c.c. of a 10 i)er cent, solution, and then overlay with 
1 c.c. of 1-10,000 sodium sulphite solution. A pink color develops at 
the zone of contact which diffuses throughout on shaking. 

Ehrlich\s Method: This test has proven more reliable. Overlay the 
culture with 1 c.e. of a 2 per cent, solution of paradiraethyl- 
aminobenzaldehyd in 05 per cent, alcohol and then add drop by drop 
concentrated hydrochloric acid until a red zone appears at the point of 
contact between the culture and the alcohol benzaldehyd reagent. The 
color may be shaken out with chloroform. 

Colon bacilli produce indol. The paratyphoid-enteritidis and ty- 
phoid-dysentery bacilli produce no indol. Indol production is no longer 
of much importance in the practical work incident to the differentiation 
of strains from human sources. Other methods serve to quickly demar- 
cate the colon bacilli, and indol production may take several days. 

(3) Action on Lead Acetate. — ^Jordan and Victorson, following a 
suggestion of Orlowski and others, showed that members of the colon- 
typhoid group acted characteristically tow^ard lead acetate when it was 
incorporated in culture media. Kligler added basic lead acetate to the 
modified Russeirs medium, thus giving us probably the most useful 
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means we now possess for quickly identifying a particular member of 
the colon-typhoid group. 

Bacillus typhosus and Bacillus paratyphosus B give rise to lead 
sulphid, which forms a black or brown stab in solid media containing 
lead acetate. Bacillus coli, Bac^illus paratyphosus A, and Bacillus dysen- 
ier\(E produce no browning in lead acetate media. Bacillus paratyphosus 
B produces more prompt and extensive browning than Bacillus typhosus. 
This is a simple and valuable means of separating para A from para B 
types when correlated with xylose fermentation (negative in para A), 
gas production from dextrose (present in both), and growth on litmus 
milk. 

(4) Influence of Various Dyes. — The colon-typhoid group show both 
group and individual differences in behavior toward various dyes. In 
general, Gram-positive bacteria, w^ith the exception of the acid-fast 
group, tend to be inhibited by certain basic dyes like gentian violet. 
In the Conradi-Drigalski medium crystal violet was used to inhibit cocci 
and other organisms and to permit the development of colon-typhoids. 
Dyes are used in colon-typhoid media for three different j>urposes. The 
first is to inhibit the growth of certain organisms either outside the 
group or within it. The use of gentian violet, crystal violet and the 
like is based upon the principle mentioned above that members of the 
colon-typhoid group develop in the presence of these dyes while many 
organisms outside the group are inhibited. More specifically, malachite 
green in various combinations has been used to inhibit colon bacilli and 
to allow the development of the typhoids. Bile has been com- 
bined with malachite green for this purpose. A more useful dye 
for inhibiting colon and allowing typhoids to develop is brilliant green, 
used first in conjunction with picric acid by Conradi but now used alone 
in the Krumwiede, Pratt and McWilliams plates. Brilliant green may be 
used as an inhibiting substance in fluid enrichment media also. Para- 
typhoid bacilli are most resistant to brilliant green and will develop in 
concentrations which completely inhibit tyi)hoid and dysentery. The 
optimum concentration of brilliant green for any particular medium and 
different samples of stool must be carefully determined, and this is usually 
accomplished by making several sowings from the same material in media 
containing brilliant green in amounts from 1-500,000 to 1-200,000. Klig- 
ler has added neutral red to Krumwiede ’s brilliant green metlium to 
serve as an indicator of lactose fermenters that succeed in growing and 
has pointed out the importance of an optimum hydrogen-ion concen- 
tration in brilliant green media. Kligler advises that the brilliant green 
agar be adjusted to pH 7.0-7.2. Holt-Harris and Teague devised a 
medium containing methylene-blue and eosin which does not inhibit 
colon but serves to differentiate colon colonies very (»arly by the black 
centers which they develop. Soon after this Teague and Clurman de- 
vised a brilliant-green-eosia plate which combines the advantages of the 
preceding with the inhibitory qualities of brilliant green. These writers 
showed also that when eosin was used much larger quantities of brilliant 
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green eouJd be safely added to the medium without inhibiting the typhoid 
bacillus. They use a concentration of brilliant green of 1-30,000 in 
their medium, approximately ten times that of the usual optimum in 
Krumwiede, l^ralt and McWilliams brilliant green agar. In this con- 
nection it might be mentioned that caffein has also been used to suppress 
colon bacilli while allowing free growth of typhoids, although this 
method has never found extensive use in practical work. Bierast uses 
petroleum ether (boiling-point 50° C.), which kills the colon bacilli 
and leaves the typhoids unaffected. The second use to which dyes are 
put in this connection is to indicate acid formation from various sugars. 
Andrade’s indicator is very useful for this purpose. Basic fuchsin in 
Endo’s medium is well known. Congo-red in lactose media gives colon 
colonies with blue-black centers, while other colonies are pinkish. Litmus 
has been very useful in Ihe iiast, as for instance in Russell’s double sugar 
agar, but on account of its variation in composition and its liability to 
retiuction it has been largely replaced by Andra<le’s indicator. Methyl- 
red has been used by Levine in differentiating fecal strains of Bmnllus 
coli from non-fccal members of the group, based upon the fact that 
broth cultures of most non-fecal strains remain alkaline to methyl-rcd. 
The eosin-inethylene-blue plate of ITolt-IIarris and Teague differentiates 
colon colonies early by the development of black centers in them while 
the other bacteria remain pink. The third use to which dyes are put 
in colon-typhoid bacteriology is based upon the ability of members at 
the colon end of the series to reduce and decolorize certain dyes. Neutral 
red is eventually decolorized and rendered fluorescent by colon strains. 
Methyl-violet is not acted on by typhoid, but is completely decolorized 
by colon and partially by paratyphoid bacilli. 

(5) Agglutinatio^n . — The colon-typhoid group of bacteria possesses 
the property of stimulating the production of agglutinins in the animal 
body to a high degree. Wlien an animal is injected repeatedly with a 
pure, killed culture of a bacillus of Ihe colon-typhoid group, the animal’s 
blood serum is found after several injections to possess the property of 
agglutinating the bacillus used for the injections. This property is 
manifest even when high dilutions of serum are used. In like manner 
it was found by Gruber and Durham in 1896, and a few months later 
by Widal, that the blood serum of patients ill with typhoid fever also 
possessed this property. AVhen an animal is injected with a particular 
organism, say the typhoid bacillus, its blood serum acquires the property 
of agglutinating the Bacillus typhosus in high dilution, but at the same 
time the ability is developed on the part of the serum to agglutinate 
other organisms of the colon-typhoid group. This property disappears 
as the serum is i)rogressively diluted, until finally in the higher dilutions 
only the specific agglutinins for the Bacillus typhosus are present in 
sufficient quantities to effect agglutination. These agglutinins are called 
specific agglutinins, while those developed non-specifieally for other 
members of the group are called group agglutinins. This phenomenon 
interfered with the usefulness of agglutinins for determining particular 



ETIOLOGY 


465 


species of bacteria until the absorption methods first used by Chantemesse 
were developed. 

If an animal is immunized with an organism (A) for the develop- 
njent of agglutinins, the serum will also show more or less power 
to agglutinate other organisms of the groups (B), (C) and (D). If 
the serum is now saturated with organism (A) and centrifugated it 
will be found to have lost its effect on (B), (C) and (D). Thus, 
saturating with the specific organism removes not only the specific 
but the group agglutinins as well. On the other hand, if the serum 
is first saturated with (B), (C) and (D) and centrifugated, the 
specific agglutinins for (A) will be found to remain in the serum prac- 
tically unimpaired. On this phenomenon is based the most exact method 
afforded by bacteriology for definitely detecting the identity of an 
organism. Without it, it is impossible to differentiate between the 
Bcbcillus paratyphostts B and Bacillus enteritidis of Gartner. The sepa- 
ration of Bacillus suipcstifer from these ha(ulli, while possible on cultural 
grounds, is rendered prompt and certain by this method. No organism 
of the colon-typhoid group, no matter what its source, should be said 
to belong definitely to a particular species for purposes of exact classi- 
fication, unless agglutination and absorption observations are included 
in the investigation. For this purpose it is necessary to have on hand 
sera of animals which have been treated with each of the organisms 
of the group and whose agglutionation-titers, both specific and group, 
have been determined. If it then becomes necessary to determine 
whether a particular organism is Bacillus typhosus for instance, the 
following technic may be observed : Take a serum having a specific ag- 
glutinin for Bacillus typhosus and, after saturating it with Bacillus 
typhosus, one will find that the group agglutinins have disappeared. 
On the other hand, after saturating with other bacteria of the group, it 
is possible to show that the agglutinin for Bacillus typhosus is still 
])resent, very little impaired. This proves definitely that the organism 
that is being tested is the same as the one used for immunizing the 
animal. A table taken from Bainbridge will serve to illustrate this point : 

Thus it is plain that the specific organism used to develop the serum 


Table 1. Agglutination Test (Bainbridge) 


Serum 

Agglutination Limit 

Bacillus paratyphosus B 

Bacillus suipestifer 

Bacillus suipestifer Original titer 

10,000 

10,000 

Absorbed with Bacillus suipestifer 

100 

100 

Bacillus paratyphosus B 

100 

f 10,000 


VOI-. IV.— 80 
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absorbs not only its own specific agglutinin but also the group ag- 
glutinins, while the other organism absorbs only its own group 
agglutinin, leaving the specific agglutinin unimpaired. 

The earliest really useful methods for differentiating the typhoid 
from the colon bacillus in clinical material, especially in stools, were 
based upon the difference in the ability of colon and typhoid to ferment 
lactose. One widely used method was that of Conradi and Drigalski. 
A peptone-nutrose-agar is prepared as a base. Litmus-lactose solution 
is added to indicate the fermentation, and crystal violet to inhibit other 
organisms. This medium is then poured into large plates and allowed 
to harden with a fairly dry surface. The material to be investigated, 
such as a diluted emulsion of feces, is smeared over the surface with a 
glass rod. The colon colonies are red and opaque while the tyx>hoid 
colonies are transparent and blue. This medium was later practically 
supplanted by the much more useful Endo’s medium. This has the 
advantage of being an ordinary nutrient agar very easy to prepare. It 
contains 1 per cent, lactose, and instead of litmus for an indieatoi', basic 
fuchsin decolorized by sodium sulphite is used. On this medium the 
colon colonies are red and opaque and the typhoid colonies are transpar- 
ent and colorless. As is apparent from an examination of the properties 
of the colon- typhoid group, Endo’s medium will distinguish only the 
colon subdivision on the one hand from the paratyphoid-enteritidis and 
typhoid-dysentery groups on the other. Thus, a red colony on Endo is 
immediately eliminated, while a colorless colony may be typhoid or any 
other organism in the last two subdivisions. Given a colorless, transpar- 
ent CLlony on Endo, further work must be done to identify any particular 
colony as one of Bacillus typhosus. The use of Endo’s medium or of 
one similar in principle is, however, an indispensable prclimkiary in 
the isolation of Bacillus typhosus from contaminated material An 
examination of the diagram of the colon-typhoid group will make these 
points clear {see p. 458). 

C. Isolation of Typhoid Bac^illus from the Feces. — Endo’s medium 
has been frequently modified, in order to make its preparation more 
simple and to make it more stable and more promptly sensitive to slight 
changes in acidity. In the authors’ laboratory the most uniform results 
are obtained by following in the main the directions given by Kligler. 
Kligler pointed out that the ordinary Endo end-point (+0.2) was too 
alkaline, in that after the fuchsin sulphite solution was added in the 
usual quantity the hydrogen-ion concentration ranged from pH 8,6 to 
8.8. Ordinary beef-extract-peptone-salt-agar stock is titrated to pH 7.4 
and flashed in 100 c.c. quantities. At this hydrogen-ion concentration 
the medium is about neutral to Andrade’s indicator. 

When needed, a bottle containing about 100 c.c, of the stock is melted 
and adjusted to a pH of 7.8 to 8.0 by adding normal NaOH. Then 
10 C.C* of sterile 10 per cent lactose solution is added. The fuchsin 
sulphite solution is made by decolorizing 1 c.c. of saturated alcoholic 
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basic fuchsin with 10 c.c. of 10 per cent, sodium bisulphite. One-half 
c.c. of this fuchsin bisulphite solution is added to each 100 c.c. of the 
melted a^ar, to which the lactose solution has been added. Plates are 
poured after mixing the lactose and the fiiehsin-siilphite solutions thor- 
oughly with melte<l agar, and are allowe<i to dry uncovered. They are 
planted within a few hours of their preparation. 

Andrade \s indicator is made by adding 16 c.c. of (N) NaOII to 0.5 
gram of acid fuchsin dissolved in 100 c.c. of water. A substance is said to 
be neutral to Andrade ^s indicator when it is pink when hot and just color- 
less when cold. Andrade ’s indicator is a valuable means of detecting acid 
in cultures when added in 1 per cent, quantities to culture media, and it 
has practically replaced litmus for this inirpose. Its disadvantages are 
that it possesses no color on the alkaline side and is not very sensitive to 
slight changes in acidity. Furthermore it is very slow in responding to 
the addition of acid. This latter property is not a disadvantage when 
it is used as an indicator in growing cultures, but prevents its use as 
an indicator in titrating media. In general it may be assumed that a 
medium neutral to Andrade’s indicator has a pll of approximately 7.4. 
The best method of adjusting the reaction of culture media is that of 
Barnett and Chapman based on the work of Clark and Lubs. For the 
immediate purpose before us very little equipment is necessarv’^ for 
adjusting the media to be used in colon-typhoid investigations to an 
appropriate hydrogen-ion concentration. 

These workers determine empirically the pH values of various stages 
in the color change of phenolsulphonephtlialein from yellow to red. 
They set up two rows of six uniform test-tubes. In the front row each 
test-tube contains 5 c.c. of dilute (1 drop to 100 c.c.) HCl or HgSO^. 
In the rear row each tube contains 5 c.c. of dilute alkali (N/20 NaOH). 
In tube number one in the front row arc placed 9 drops of phenolsul- 
phonephthalein indicator 0.01 per cent. (])repared by taking 1 c.c. [16 
minims] from an ampule used for the kidney functional test and diluting 
it to 60 c.c. with water). In successive tubes of the front row 1 drop less 
is added each time so that the front (acid) row contains 9, 8, 7, 6, 5 and 4 
drops successively. In the back row, beginning wdth the tube behind num- 
ber one of the acid row, 1 drop of indicator is jdaced, and 1 drop more in 
each succeeding tube of the alkaline series. Thus in any pair of tubes 
there is a total of 10 drops of indicator, and various shades of color 
from yellow to red are obtained by looking through the successive pairs 
of tubes from front to back. Barnett and Chapman determine the pH 
corresponding to these colors for phenolsulphonephthalein against stand- 
ard phosphate solutions as shown in Table 2, 

A corresponding series for any other indicator can be worked out at 
will by standardizing against phosphate solutions of known pH by the 
Clark and Lubs method. This has been done for brom-thymol-blue by 
the Committee on Descriptive Charts for the Society of American Bac- 
teriologists, with the result that beginning with tube No. 1 the series 
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Table 2. 


Determination of Hydrogen-ion Concentration for PhenolsttI/- 

PHONEPHTHALEIN AGAINST STANDARD PHOSPHATE SOLUTIONS 


Acid Tubes 

Indicator Solution (Drops) 

Alkaline Tubes 
Indicator (Drops) 

pH 

9 

1 

6.9 

8 

2 

7.2 

7 

3 

7.5 

6 

4 

7.7 

5 

5 

7.9 

4 

6 

8.1 


is found to have pH values of 6.2, 6.4, 6.7, 6.9, 7.1 and 7.3 respectively. 
This committee tested the original series of Harnett and Chapman and 
obtained values of 7.1, 7.3, 7.5, 7.7, 7.8 and 7.9 respectively. These 
values are well within the range required for most media reactions and 
the pairs of tubes are used in the comparator as shown below. 


uwr 

SOUACP 






Fio. 2. — Diagram Showing Comparator for Adjusting Hydrogen-ion Concen- 
tration Media. (Looking ^lown upon the instrument from above. 1.5 x actual 
8ize.y 

A. Pair of test-tubes (1.25 x 6 cm.) with in<licator in weak acid and alkali, 
giving a color corresponding to that developed by pH of 6.9-7. 1. 


Five cubic centimeters of media are placed in one of the small test- 
tubes of the comparator with ten drops of phenolsulphonephthalein in- 
dicator and compared with the pair of indicator tubes representing the 
desired hydrogen-ion concentration. It is noted whether the medium is 
too acid or too alkaline and the necessary adjustment made to bring the; 
reaction to the desired point. 
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The surface of the Endo-plate is smeared with a loopful of diluted 
stool. The author makes a 1-10 and a 1-100 dilution of each stool and, 
starting at one edge of the plate, gradually works across the surface by 
making successive streaks. This gives discrete colonies over more than 
half of the plate. The plates are incubated for about eighteen hours 
and the suspicious colonies picked and transplanted to the Russell- 
Kligler medium described below. 

Another important plating medium for isolating the colon-typhoid 
group from mixed material is the brilliant green agar of Krumwiede- 
Pratt and McWilliams. The authors use this medium as modified by 
Kligler as follows: 

Kligler emphasized the importance of the proper hydrogen-ion con- 
centration. Brilliant green has an optimum inhibiting effect at a pH 
of 7.0-7.2. Besides this, Kligler adds neutral red as an indicator of acid 
production and obtains red colon colonies of distinctive appearance, as 
on Endo’s medium. 

The medium is made as follows: 


Liebig’s extract of beef 3 grams 

Witte’s peptone (the author uses ‘"Difco”) 10 

NaCl 5 “ 

Agar 15 ‘‘ 

HgO 1,000 e.c. 


The reaction of the medium is set at pH 7.0-7.2. To each 100 c.c. 
of melted agar, 1 per cent, lactose, 0.1 per cent, glucose and 0.25 c.c. 
of 1 per cent. HgO solution of neutral red are added. The brilliant 
green is added from a 0.1 per cent, stock solution in quantities ranging 
from 0.1 to 0.3 c.c. to each 100 c.c. of agar. Usually it is best to prepare 
three plates containing 0.1, 0.2 and 0.3 c.c. of the brilliant green per 100 
c.c. of agar. This is necessary because the optimum concentration of bril- 
liant green varies somewhat for different batches of agar and also for 
different stool suspensions. Paratyphoid bacilli will grow in a higher 
concentration of brilliant green than will the other members of the group. 

The material to be investigated is smeared upon the brilliant green 
plates in the same manner as upon Endo’s medium, and suspicious col- 
onies are transplanted after eighteen hours to the Russell-Kligler medium. 

Mention should be made of another plating medium for stools with 
which the authors claim to have obtained better results than with either 
Endo’s or Krumwiede-Pratt and McWilliams’ brilliant green plates. 
This is the eosin-brilliant-green plate of Teague and Clurman. Follow- 
ing a former eosin-methylene-blue plate for differentiating colon and 
typhoid colonies devised by Holt-IIarris and Teague, Teague and Clur- 
man found that much larger amounts of brilliant green could be added 
without inhibiting the typhoid bacillus, provided eosin in proper pro- 
portion was added to the medium at the same time. On this plate the 
colon colonies develop dark centers while the typhoid colonies are pink. 
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Teague and Clurman use lueat-iufusion agar and warn against the use of 
beef extract agar as a base for the preparation of this medium. The 
technic of the preparation is given by them as follows: 

Five hundred grams of chopped beef are placed in one liter 
of distilled water and kept in the icebox over night. The infusion is 
squeezed through cheese-cloth, heated in the Arnold sterilizer and passed 
through filter paper. Witte’s peptone (1 per cent.), chemically pure 
sodium chlorid (0.5 per cent.) and agar (1.5 per cent.) are added to 
the warm infusion, the peptone being first rubbed up into a paste in a 
little warm water. The fiask of medium is then heated in the autoclave 
for thirty minutes at 120*^ C. The reaction is adjusted to -f- 1.0 by the 
addition of (2N) NaOH and then the medium is heated for half an 
hour in the Arnold sterilizer. The reaction is again brought to + 1.0, 
cooled to 55° C. and cleared with egg-white. It is filtered through 
cotton, flasked in 100 c.c. quantiti(‘S and autoclaved at 120° C. for twenty 
minutes. When needed, a flask of agar is melted, and 1 per cent, lactose 
and 1 per cent, saccharose arc added. To every 100 c.c., 2 c.c. of 3 per 
cent, water solution of yellowish eosin are added. From a stock 1.0 x^cr 
cent, solution of brilliant green in 50 j>er cent, alcohol, a 1/6 per cent, 
solution in distilled water is i^repared and 2 c.c. of this added to each 
100 c.c. of melted agar containing the lactose, sac'cliarose and eosin. 
The fiask is thoroughly mixed and the plates poured as for Endo or 
ordinary brilliant green plates. These plates may be kept several days 
before using, if necessary. 

The authors have had slight experience with this medium, but it has 
seemed wholly satisfactory and at the present time they are using all three 
types of plates for routine work. The optimum iiH of brilliant green 
media has been stated by Meyer and Stiekel to be between 6.4 and 7.0. 
These writers obtained better results with the Teague-Clurman medium 
than with any other of a large number of plating mediums. They use 
a i)ex)tonized liver agar as the base. The authors have used trypsinized 
placenta agar as a base with good results. 

Quantities of dextrose up to 1/10 of 1 per cent, in solid media are 
not utilized by typhoid bacilli growing on the surface of the medium, 
the oxygen of the air being used by preference. In the depths of such 
solid media in a stab culture acid is developed. It is upon this property 
that the usefulness of most i)ractical media used for diagnosis depends. 
A medium Avidely used in the last few years for rapid differentiation of 
the colon-typhoid group has been Russell’s litmus-lactose-glueose agar. 
This medium, as its name implies, contains 1 per cent, lactose, and 1/10 
per cent, glucose, besides the indicator litmus. It is tubed with a d6ep 
butt as well as Avith a slant, and in sowing a surface streak and a stab 
culture are both made on the same tube. The lactose fermenters, like 
tlie colon bacillus, redden the medium throughout and break it up with 
gas. The typhoid-dysentery group redden the butt and leave the slant 
colorless. This medium has been modified frequently to make it 
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more specific for typhoid. One of the important modifications is the 
addition of 1 per cent, saccharose to differentiate more quickly the mem- 
bers of the colon group that ferment lactose slowly but attack saccharose 
more promptly, such as Bacillus coU communior. Intermediates are also 
occasionally encountered in stools which, because of their prompt fer- 
mentation of saccharose, are immediately discarded, reducing the num- 
ber of colonies which need to be further investigated by agglutination 
methods. The most generally useful modification of the Russell medium, 
in the author’s experience, is that of Kligler. In this modification the 
two sugars, lactose and glucose, are adhered to, Andrade’s indicator is 
added to indicate the reaction, and basic lead acetate to further differen- 
tiate different members of the group by its reduction. The medium is 
made as follows: Either sugar-free meat-infusion agar or beef extract 
agar is used as a base. This is made neutral to Andrade’s indicator, 
1 nev cent. Andrade’s indicator, 1 per cent, lactose and 0.1 per cent, glu- 
cose are added to the melted stock, and when cooled below 60*^ C., 5 c.c. 
of 0.5 per cent, basic lead acetate are added for each 100 c.c. The medium 
is run into small sterile tubes under aseptic precautions, as it cannot be 
again sterilized. The tubes are slanted to leave a generous butt and al- 
lowed to harden. The original Kligler modification calls for double this 
quantity of basic lead acetate, but the reactions are sharp and prompt 
as here given. The authors see no objection to adding saccharose to this 
medium in 1 per cent, quantities, and has frequently done so with uni- 
formly good results. This is after the modification of Krumwiede, who 
found that saccharose improved the original Russell’s medium by picking 
out some of the rather slow lactose fermenters more quickly. 

The Russell-Kligler medium serves to difi'erentiate colon, para A, 
para B, typhoid and dysentery bacilli from one another. Thus lactose 
fermenters will produce redness and gas throughout the medium. Those 
which ferment glucose with gas production but do not ferment lactose 
(para A and para B) will produce gas and reddening of the butt and a 
colorless slant. Those which produce acid from glucose but no gas will 
produce reddening of the butt without gas bubbles and colorless slant 
(typhoid and dysentery). The para B and typhoid produce browning 
in the stab from the lead acetate, while the rest do not. These different 
appearances are well shown by the colored plate {See Plate I). 


Table 3. 

Differentiation of Types of Bacilli 


Bacilli 

Butt 

> 

Slant 

Colon 

gas bubbles; colorless stab 

Red 

Para B 

Red; gas bubbles; brown stab 

Colorless 

Para A 

R^; gas bubbles; no browning 

Colorless 

Typhoid 

R^; no gas; bro^ stab 

Colorless 

Dysentery 

Red; no gas; no browning 

Colorless 
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A suspected colony picked from one of the three kinds of plates 
given above will give a reaction on the Russell-Kligler medium which will 
be immediately diagnostic. 

An inspection of Table 3 will make the interpretation of the plate 
clear. 

All that remains is to test the reaction of a culture to known agglu- 
tinins. This may be done rapidly by the macroscopic slide method. 
Some of the suspected colony is rubbed up with a drop of salt solution 
to make a heavy suspension on the slide. A loop of this is mixed with 
a high dilution of serum whose agglutinin titer to the particular or- 
ganism suspected and whose zones of group agglutinins are known. In 
a positive result the clumping becomes apparent almost immediately. 
The more accurate macroscopic tube method and microscopic method of 
testing for agglutinins are discussed under Agglutination Methods for 
Diagnosis. 

The foregoing method of identifying the typhoid bacillus is an ex- 
ample of the procedure for isolating members of this group from the 
stools in suspected cases or from suspected carriers. It presupposes a 
fully equipi)ed clinical laboratory and familiarity with bacteriological 
procedures. The isolation of typhoid bacillus from stools of suspected 
cases is the most difficult laboratory procedure associated with typhoid 
fever. Most of the other laboratory work required in the course of the 
disease can be done by any one with small equipment and the ordinary 
training in laboratory work ])ossessed by the pratditioner. 

In seeking to identify a culture as one of Bacillus typhosus one 
should first consider its important characteristics. It will be remembered 
that the typhoid bacillus is motile, Gram-negative, docs not form spores, 
and does not liquefy gelatin. These characteristics should be tested 
first. A stab culture is made in gelatin and kept at room temperature. 
This procedure will save beginners from occasional error, due to the 
presence of bacilli of the proteus group, which are sometimes i)resent as 
contaminations. I’roteus is motile. Gram-negative and non-sporebearing 
like Bacillus typhosus. Its manner of growth is very ditferent from that 
of typhoid, and when once seen as a contaminant, especially on agar 
plates, it will be immediately recognized. Proteus grows very luxuri- 
antly, and after eighteen hours’ incubation the colonies are so large as 
to preclude any possibility of their belonging to one of the colon-typhoid 
group. Prompt liquefaction of gelatin definitely rules them out of the 
colon-typhoid gi*oup. If gelatin is not at hand the suspected proteus 
culture ma3" be shown not to be typhoid by the fact that it promptly 
coagulates and acidifies litmus milk like the colon bacillus. 

D. Isolation of the Bacillus Typhosus by Blood Culture. — ^No diagno-, 
sis of typhoid fever should be made without an attempt to isolate the 
offending organism from the blood. With proper methods the percent- 
age of positive cultures from the blood of typhoid fever patients is high, 
at least 75 per cent, in the first week of the disease. The importance of 
blood cultures will be realized when it is remembered that a positive 
blood culture is the only piece of evidence which stands alone incontro- 
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vertible. The Widal reaction is open to occasional sources of error, 
even when carefully controlled. A culture of Bcccillus typhosus or one 
of paratyphoid bacilli obtained from the blood is open to only one in- 
terpretation, and that is that the particular bacillus isolated is the cause 
of the disease. The clinician should always keep in mind that the time 
to take a blood culture is when he first sees a patient who may be sus- 
pected of having typhoid fever. All too frequently the physician 
observes the case for several days, orders Widal reactions done, which 
are usually negative for the first week or two, and then, when atypical 
characters arise in the disease pro<*.ess to shake his faith in his provisional 
diagnosis, he resorts to the blood culture method. The chance of suc- 
cessful blood cultures in typhoid fever diminishes somewhat after the 
first week, and diminishes rapidly after the second week. There is a 
rough inverse relation between the blood culture successes and positive 
cultures from stools varying with the stage of the disease. The chance 
of success in culturing the stool of a typhoid patient is greatest in the 
third week, although Krumwiede found that in paratyphoid A infections 
the percentage of positives from stools was highest in the first week of 
the disease. 

Of all the methods which have been devised for blood cultures in 
typhoid fever, the simplest are the most successful. A tourniquet of soft 
red rubber-tubing is applied above the elbow, just tight enough to 
imi^ede the superficial venous circulation. The space at the bend of the 
elbow is painted with tincture of iodin. Under strict aseptic care the 
blood is drawn from one of the large veins just below the bend of the 
elbow with a sterile syringe fitted with a needle of about eighteen gauge. 

We believe that most blood culture contaminations are clue to con- 
taminated syringes. Boiling is not an efficient method for sterilizing 
a needle for bacteriological puri)oses. The best method witli which the 
author is familiar is that of suspending the syringe, fitted with the 
needle ready for use, in a tube of mineral oil. The metal clip at the 
base of the 20 c.c. syringe rests on the brim of a large 100 c.c. centrifuge 
tube and serves to support it, so that the needle does not rest on the 
bottom. The centrifuge tube is filled with mineral oil just immersing 
the needle and the lower end of the syringe for about a quai ter of an 
inch up the barrel. The top is covered with brown paper tied around 
the top of the centrifuge tube, making a cap for the whole. This is 
placed in the dry-heat sterilizer, the temperature run up to 200° C. 
and the burners shut off, allowing the oven to cool. Such syringes can 
always be kept on hand for immediate use. 

Ten c.c. of blood are delivered into a bouillon flask containing about 
200 c.c. of bouillon. The optimum reaction is about pll 7.4. Sterile ox- 
bile should be added in about 10 per cent, quantity to the bouillon. The 
author uses a good grade of inspissated ox-gall and adds it in the pro- 
portion of 2 per cent, to the bouillon. A blood rich in typhoid bacilli 
will give a good growth in from twelve to twenty-four hours, but oc- 
casionally the bacteria are not present in sufficient numbers for hanging 
drop recognition until the second or third day. The diagnosis can some- 
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times be liastened by smearing loopfuls of the twelve to twenty-four 
hour broth culture over agar slants and incubating from twelve to 
eighteen hours longer. The organism in the primary broth culture should 
first be examined in a hanging drop preparation. The typhoid bacilli 
are very actively motile. The paratyphoid bacilli and the colon bacillus 
are also motile. If the suspected culture is motile, Gram-negative, non- 
spore-bearing, and does not liquefy gelatin it should be planted on the 
Russell-Kligler medium. If this is not at hand a diagnosis can be made 
by sowing on litmus milk, or in a fermentation tube of glucose bouillon 
containing 1 per cent. Andrade’s indicator. In place of the litmus 
milk the author uses Andrade’s indicator added to the milk in 1 per 
cent, quantity, or brom-cresol purple. Brom-cresol purple is prepared 
by making a 1.2 per cent, solution in alcohol and diluting 10 c.c. 
of this solution to 200 c.c. with distilled water. This solution is 
adde<l to the media in 1 per cent, quantity. The colon group acidify and 
coagulate litmus milk, and produce acid and gas on bouillon. The 
paratyphoid-enteritidis group do not coagulate milk but produce gas 
and acid in glucose bouillon. The typhoid-dysentery group do not 
coagulate milk and do not produce gas from glucose bouillon, but do 
turn glucose bouillon acid. This simple means will suffice to distinguish 
typical typhoid cultures. Paratyphoid cultures require more extended 
investigation. The organism isolated should, after transplanting on 
plain agar for a few generations, agglutinate with the patient’s serum 
in a dilution of at least 1 :40 by the third week of the disease. The 
procedure for making a differential diagnosis of the bacteria found in 
blood cultures may be understood from the following diagram : 


A motile. Gram-negative, non-spore-bearing rod 
Gelatin stab 


Gelatin not liquefied 
Litmus milk 


Gelatin liquefied 

^ I 

Proteus group 


Coagulated and Not coagulated 

turned acid 1 

I Dextrose bouillon 

Colon group 


Gas and acid Acid but no gas 

I 1 

Paratyi>hoid group Typhoid 


This simple method is sufficient for clinical purposes, especially when 
fortified by agglutination tests on isolated bacilli. To separate the para 
A from the para B and these from the enteritidis and suipestifer strains 
requires careful agglutination and absorption tests, but from material 



ETIOLOGY 


475 


isolated from blood cultures these latter can be disregarded and para 
A separated from para B on the ground of lead acetate reduction (pos- 
itive in para B) and the inability of para A to ferment xylose. Further- 
more, the para A bacillus produces an acidity in litmus milk which 
lasts much longer (7-21 days) than the para B. Para B soon changes 
the initial acidity of litmus milk to an alkaline reaction, finally clearing 
the milk and leaving a clear brownish liquid with a copious sediment. 
Pinal identification is made by agglutinating with a high dilution of a 
homologous serum. 

E. Isolation of Bacillus Typhosus from Urine. — The urine of typhoid 
fever patients commonly contains typhoid liacilli. When typhoid bacilli 
are present albumin is usually found, indicating some degree of kidney 
injury. Typhoid bacilli are occasionally present in such enormous num- 
bers that the conclusion must be drawn that they have multiplied actively 
in the bladder. Under hosjDital conditions, where the urine can be pro- 
cured easily under aseptic conditions, it may be smeared directly on 
Endo plates with a large platinum loop. Under conditions where the 
urine must be brought to the laboratory in an ordinary receptacle with- 
out special precautions against contamination, Kanichiro Morishima and 
Teague have found it advisable to add one-half volume of nutrient broth 
to a given quantity and incubate over night, and then to inoculate a 
Teague-Clurman plate. Any other medium such as Endo, or Krum- 
wiede’s brilliant green plate, can be used. The inoculation is made by 
smearing different dilutions from 1-10,000 to 1-1,000,000 over several 
plates, or by inoculating successive portions of a single plate without 
sterilizing the wire between segments, thus making the dilution on the 
plate. The later method is the more practical. 

F. Isolation of Bacillus Typhosus from the Gall-bladder^ — The cul- 
tivation of the typhoid bacillus from the bile offers no difficulty. Bile 
aspirated from the gall-bladder at operation is delivered directly into 
bouillon, and usually when the typhoid bacillus is present it is in pure 
culture. The Bacillus typhosus has also been obtained from the interior 
of gall-stones. The gall-bladder is the most accessible and unfailing 
source of the typhoid bacillus at autopsy. Lymph-nodes, bone-marrow 
and spleen pulp inoculated into bouillon also give positive cultures. 

Distribution outside the Body. — The typhoid bacillus has no nor- 
mal breeding place in nature outside of the human body. When the 
organism is discharged from an infected person, either in the urine or 
the feces, it tends to die out. The duration of the life of the bacillus 
outside the body is widely variable and subject to many environmental 
conditions. The more important of these are temperature, moisture, 
reaction of the material in which the bacillus finds itself, and the pres- 
ence of other bacteria. The difficulty of giving definite rules for the 
disappearance of Bacillus typhosus from any material rests upon the 
fact that in all typhoid-infected material there are usually a few resistant 
organisms that survive the adverse conditions and remain alive in 
small numbers for weeks or months. Thus, though most typhoid bacilli 
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succumb to drying within a few hours, Park finds that a few may live 
for months. 

Temperatures widely different from that of the human body tend 
slowly to destroy the typhoid bacillus. It survives longer in warm than 
in very cold water. Like otlier non-spore-bearing bacilli, a temperature 
of 60° C. (140° P.) for a very short time is sufficient to kill the organism. 
Park has also shown that a resistant minority of typhoid bacilli may 
withstand freezing for as long as five Aveeks ; but, in spite of this, ice is 
a negligible factor in the epidemiology of typhoid fever. 

In Feces. — The feces, after discharge from the body, harbor the 
bacilli for a variable length of time. Park has shown that the majority 
die in a few hours, Avhile Levy and Kayser isolated typhoid bacilli from 
a cemented privy vault five months after their excretion. Gay thinks 
that the reaction of the stool is a factor in determining the longevity of 
the bacillus. 

In Sewage. — In sewage the typhoid bacillus disappears directly in 
l)roportion to the amount of the contamination of the sewage with other 
bacteria. In heavily contaminated scAvage the organism dies out quickly 
because of the presence of antagonistic bacteria and because the oxygen 
is consumed by these bacteria and other organic substances. On the 
other hand. Gay states that the organism has been found to persist even 
in the effliumt from septic tanks. 

In Water. — In running streams the bacillus dies out more readily 
than in still water; and in thin layers of water, in the sunlight, it dies 
A^ery quickly. In relatively pure water, such as Avell water or ordinary 
drinking water, the organism may persist for several months, though 
it probably does not multiply to any extent. Park and Williams think 
it usually disa])pears in river Avater within seven days. 

In Soil. — ITnder usual conditions typhoid bacilli live only a short 
time when buried in soil. The abundant bacterial life in surface soil is 
quickly destructWe to the bacilli. In sterile* soil their life is longer. 
Thrown upon frozen ground they may liA^e several weeks and ultimately 
may be washed into a well or stream and become a source of infection. 

Milk. — JNlilk is commonly considered a good culture medium for 
BaciUvs typhosus and is a (*omnion medium for transmission. Gay is of 
the opinion, and (luotes Chapin to the effect, that milk in the raAV state 
definitely inhibits the growdh of the Bacillus typhosus for several hours, 
and further, that this source of infection is of more importance in small 
toAvns over short milk routes than in larger communities. 

Other Foods. — Various other foods may be contaminated and harbor 
the bacilli for indefinite periods; and, as in the instance of the Hanford 
outbreak cited by Gay, due to spaghetti infected by a carrier cook, the 
organism may multiply enormously under favorable conditions. 

Fomites. — The bacillus may IWe for several weeks on blankets, bed 
clothing and various other articles soiled by typhoid excreta. 

Modes of Conveyance. — Every case of typhoid fever is caused by 
infection Avith Bacillus typhosus, conveyed directly or indirectly from a 
previous case of the disease. Infection may be conveyed by any route 
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which permits the bacilli excreted by a typhoid patient or carrier to 
reach the mouth and gastro-enteric tract of another individual. 

(a) Water , — Water is the most important medium of conveyance. 
In the temperate zone at least, typhoid fever is the most important 
water-borne disease. The reduction in the morbidity from typhoid 
fever, following the introduction of a pure water supply, in a city in 
which the disease is endemic, is one of the striking facts of modern 
sanitation ; and the marked general reduction in the typhoid rate in 
the United States, which has taken place in the last ten years, is due 
largely to improvement in the public water supplies of the cities. In 
New York State the typhoid rate has decreased from 19 per 100,000 
population in 1906 to 3.9 per 100,000 in 1919, coincident with, and — 
according to the Health Department — directly resulting from, the wide 
extension of the use of imrified publh* water supplies. 

Various authorities estimate that from 35 to 80 per cent, of the 
cases of ty])hoid fever arc conveyed by infetded Avater. Seventy-two per 
cent, of 640 epidemics recorded by Schiider were water-borne. 

Water supplies may be infected by typhoid bacilli in a number of 
ways. The most imimrtant mode of pollution is by the discharge of the 
raw sewage of cities and towns into lakes and water courses. Excreta 
may be discharged directly into the water, or washed into streams, lakes 
or wells from the surface of watersheds. Hewage may reacli a drinking 
water by percolation through a porous soil. Many outbreaks have been 
the result of the accidental connection of sewers with water mains, 
or to the dumping of infected refuse above intakes of water supidies. 
In 1892 an extensive outbreak in Detroit was traced to the discharge into 
the 8t. Clair River of a great volume of mud and sewage dredged from 
a small river at Port Huron, fifty miles above the Detroit intake. 

AVater-borne epidemic's arc usually explosive in ('haracter, restricted 
to areas supplied by tlie polluted water, and are apt to occur at periods 
out of the regular typhoid season. The occurrence of an outbreak in the 
winter or spring is presum])tive evidence or water-borne infection. 

A large majority of the cases directly due to contact, or to fly or 
food infection, have their origin indirectly from infected water. A few 
small outbreaks have been found to be due to ice contaminated by the 
typhoid bacillus. 

Even highly polluted water may be made relatively safe for public 
consum lotion by filtration or chlorination. All water supplies liable to 
sewage pollution should pass through filtration plants. Chlorination is 
a safe and inexpensive temporary substitute for filtration and is always 
available. The reduction of the typhoid fever rate of Milwaukee, Detroit 
and other lake cities, since the introduction of chemical purification of 
their water supplies, is e\idence of the efficiency of this method. 

The recent outbreak at Alpena, Michigan, well illustrates the value 
of chlorination. The city is supplied by lake water, continuously or 
intermittently polluted by city sewage. The water is treated by chlorina- 
tion and for a long period the city was free from typhoid fever. On 
March 16, 1920, an explosive outbreak began, in which 106 cases were 
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reported. The outbreak quickly subsided and no secondary cases de- 
veloped. 

The epidemic was caused by an interruption in the chemical treat- 
ment of the water, extending from February 29 to March 8. The first 
case of the outbreak developed sixteen days after the untreated water 
reached the city mains. 

{&) Contact Infection , — The recent work by health authorities in 
tracing the source of individual cases of tyiihoid fever has shown that 
conveyance by contact is much more frequent than was formerly thought. 
Estimates of the percentage frequency of contact cases by different ob- 
servers vary widely. Rosenau attributed from 6 to 17 per cent, to con- 
tact infection ; Whipple, 30 per cent. ; and Frosch, 65 per cent. In 
Detroit, during the three years ending December 31, 1919, 562 cases of 
typhoid fever were reported wiiich originated in the city. The Depart- 
ment of Health traced 81 cases — or 13.9 per cent. — to contact infection. 

In contact infection the bacilli usually reach the mouth by hands 
soiled by the excreta of the typhoid patient. An attendant may infect 
himself or may carry the bacilli to a healthy person or another patient. 
Physicians, nurses and hospital attendants are particularly liable to this 
form of infection. Unclean thermometers, spoons, cups and other objects 
used by a typhoid patient may convey the infection directly to the 
mouths of other persons. Contact infection may occur in the same way 
from a chronic carrier. Kissing is a possible mode of contact infection. 

(c) Infection of Food , — From 10 to 25 per cent, of the cases of 
typhoid fever can be traced to food infection. Food may be con- 
taminated directly by the typhoid patient or carrier, or indirectly by 
an unclean nurse or attendant. Conveyance from chronic carriers most 
commonly occurs through the medium of food contaminated by them in 
its preparation or distribution. The bacilli may be introduced from a 
typhoid-infected water, which has been used in the preparation of the 
food or for washing dishes or other containers in which it is served 
or stored. 

Milk is the food which acts most frequently as a vehicle for the con- 
veyance of the typhoid bacillus. Of 638 epidemics investigated by 
Schiider iri Germany, 17 per cent, were caused by milk infection. Trask, 
of the United States Public Health Service, collected reports of 317 milk- 
borne epidemics up to 1908. In four years’ study of typhoid fever in 
Washington, Rosenau found that 10 per cent, of the cases were due to 
milk infection. In large cities the sanitary regulations which are now 
enforced in the production and distribution of milk, have reduced milk- 
borne typhoid to a minimum. In Detroit no case of conveyance by milk 
has been traced since the adoption, in 1915, of an ordinance requiring 
the pasteurization of general milk supplies. Milk epidemics are still 
common in smaller towns. 

The number of cases in a milk-borne outbreak is usually small and 
their distribution is restricted to the territory supplied with milk from 
the infected dairy. An extensive milk-bome epidemic occurred in 
Boston in March and April, 1908, in which 410 cases were reported. 
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Milk may be infected from a typhoid-polluted water used to dUute 
the milk or to wash the containers; or by dairy employees who are con- 
valescent or chronic carriers, or vrho are nursing a typhoid fever patient. 

Milk outbreaks develop abruptly, like water-borne epidemics, and 
subside quickly. Often two or more members of a household are taken 
sick at the same time. Children and women are chiefly affected. It 
appears that under certain conditions the typhoid bacillus multiplies in 
milk and becomes less virulent. Therefore eases due to milk infection 
may have a short period of incubation and may be mild in type. 

Cream, ice cream, buttermilk, butter and new cheese produced from 
infected milk may retain and convey the typhoid bacillus. 

Oysters and other shellfish grown or fattened in sewage-polluted bays 
or inlets have been the medium of transmission of typhoid fever in a 
number of outbreaks. 

In 1894 an outbreak of 25 cases occurred among the students of 
Wesleyan University at Middletown which was traced by Conn to in- 
fected oysters. Isolated cases of oyster-borne infection, widely separated 
from one another, undoubtedly occur, which are not tra(*ed to their com- 
mon source of infection. Typhoid bacilli survive for several days in 
infected oysters, although there is no evidence that they multiply there. 

Vegetables, which arc eaten raw, such as celery and radishes, if 
grown in typhoid-infected soil or washed in polluted water, may carry 
the disease. 

(d) Contaminat'ion of the Soil . — Contamination of the soil by ty- 
phoid-infected excreta is frequent in rural districts, in newly built un- 
sewered towns, in cami>s and in territory occupied by armies in the field. 
Jn some countries extensive soil-infection results from the use of un- 
treated human excrement as a fertilizer. Under ordinary conditions 
of heat and moisture typhoid bacilli live in soil from one to two months. 
In frozen ground they may remain virulent for several months, as 
shown in the Plymouth and New Haven epidemics. There is no evi- 
dence that the bacilli multiply in soil. 

The bacilli may be conveyed from soil to mouth by one of several 
routes. The most important route is by way of water infected from the 
soil of the watersheds of streams and wells supjflying communities or 
isolated houses. Some of the most striking of the water-borne epidemics 
have had this origin. The bacilli from infected soil may be carried to 
the mouth by fingers contaminated by handling dirty boots and clothing. 
This was a frequent mode of indirect contact infection in the camp 
epidemics which occurred during the Spanish American AVar. Flies 
may carry the infection from soil to food, and vegetables grown in 
bacilli-ladeii ground may be the medium of transmission. Typhoid 
bacilli in dust from infected soil may be carried directly to the alimen- 
tary tract by inhalation or indirectly by the contamination of food. 

(e) Flies. — Sedgewick, in 1892, and Kober, in the same year, sug- 
gested that flies were an important factor in the transmission of typhoid 
fever. The report of the Typhoid Fever Commission of the Spanish 
American War — Reed, Vaughan, Shakespeare — emphasized the role of 
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flies as the medium of indirect contact infection in the typhoid-infested 
camps of the American Army. Vaughan believed that about 15 per 
cent, of the cases of camx) typhoid were due to fly transmission. 

It is difficult to estimatti the percentage of fly-borne cases in civil 
communities. It may be high in small villages with open latrines and 
unscreened homes, in mining and lumber (^ainps and in crowded and 
filthy tenements. In well-sewered cities it is probable that only an oc- 
(*asional ease is due to fly transmission. 

Flies carry enormous numbers of microbes on their bodies, wings, and 
feet, and in their alimentary tracts. Typhoid bacilli have been isolated 
from flies captured in the immediate vicinity of a house occupied by a 
typhoid patient. Flies are infected by contact with tlie typhoid-bearing 
excreta on the patient or si(*k-bed or by feeding on excreta in unprotected 
vesstds or privies. They have been found to retain the bacilli as long as 
twenty-three days after infection. The route of infection is; flies — to 
food — to mouth. 

As a rule flies infect only at short range. It is x^ossible, however, 
for them to transport the bacilli for long distances. In open country 
and over water they may travel several miles. On the Great Lakes the 
author has many times sailed through swarms of house and stable flies 
from ten to fifteen miles off shore. Other insects may convey infection 
in the same manner as flies. 

(c) Pcmtiies , — Articles of clothing or bedding soiled by typhoid 
excreta may convey typhoid fever. Washerwomen may be infected from 
unsterilized linen, hosj)ital inmates from soiled towels and clothing, and 
soldiers from infected blankets. Such articles have been shown to 
harbor living bacilli for two or three months. 


SYMPTOMATOLOGY 

CmNicAL History 

The commonly accepted division of the clinical history of typhoid 
fever into weekly periods, while arbitrary, is convenient and practical. 
In the average uncomplicated case of moiierate severity the first week 
is the pericni of onset or invasion, during which there is a gradual in- 
crease in the severity of the symptoms. The second and third weeks 
correspond to the fastigium, the period of the height of the disease. 
The fourth week is the period of decline. The fifth week marks the period 
of beginning convalescence. The course of the specific pathological 
changes in Peyer’s patches, roughly follows this division into weekly 
periods. 

Typhoid fever is a disease of remarkable variability in symptoms 
and course. Epidemics and outbreaks show many differences in type, 
and the chara(*ter of the disease endemic in a certain community is apt 
to change from year to year. Individual eases in the same 
outbreak are often so erratic in onset and progress that identification 
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from the symptom-complex alone is very difficult, often impossible. No 
symptom or sign is necessarily present and no symptom or combination 
of symptoms is impossible. 

Spdden severe outbreaks may occur which show such bizarre symp- 
tomatology that health authorities and physicians are in doubt as to 
the identity of the epidemic until accurate laboratory luethods of diag- 
nosis reveal the true nature of the malady. In a disease of such protein 
manifestations it is impossible in a single continuous description to in- 
clude the multitude of symptoms it may i^resent. It will be well to give 
a short sketch of the clinical phenomena of the disease as it is commonly 
observed in communities where typhoid fever is endemic, describing in 
fuller detail under separate headings the various individual symptoms 
and their variations from type. 

The Period of Incubation. — This is the inteiwal between the time of 
infection and the onset of the symptoms of the disease. The exact time 
of these two events is so difficult to determine that the duration of this 
period is more or less a matter of speculation. 

Ingestion of the typhoid bacillus and infection of the body by the 
organism are not synchronous. A longer or shorter interval may elapse 
betw^een the entrance of the pathogenic organism into the intestinal tract 
and the actual invasion by them of the body tissues through some portal 
of entry. That this interval may be indefinitely prolonged is shown in 
the case of healthy carriers, who may harbor the bacillus for long periods. 
It is not improbable that cases showing an unusually long period of 
incubation are instances of delayed invasion of the intestinal wall. 

The average time for symptoms tc appear is from ten to fourteen 
days after exposure to infection. The peidod may be as short as two 
days or prolonged to twenty-three days. In 750 cases studied by the 
Spanisli-American War Commission the average incubation period was 
ten and one-lialf days, the shortest six days. In an outbreak in Hanford, 
Cal., reported by Sawyer and cited by Gay, ninety-three people were 
infected by eating spaghetti prepared by a typhoid carrier. One-half 
the eases showed symptoms before the eighth day, 1 on the third, 12 on 
the fifth, and 19 on the sixth day. In 56 cases in an outbreak observed 
by the author among the employees of a local manufacturing plant, dis- 
tinctive typhoid symptoms appeared in from ten to twenty days after 
the ingestion of highly polluted water. Murchison has reported a small 
outbreak in which the period of incubation in 20 out of 22 cases was 
not longer than four days. 

In a number of instances of laboratory infection reported in recent 
literature the period of incubation has been determined with greater 
accuracy than is possible in ordinary clinical observation. An assistant 
working in Gay’s laboratoi^- received from a blocked syringe a mass of 
a thick suspension of recently isolated typhoid bacilli on the left cheek 
and conjunctiva. On the third day she felt a distinct malaise and on 
the fifth day she was ill with a temperature of 104® P. (40® C.). A 
blood culture taken at this time was positive. 

Kissalt’s study of 50 cases of laboratory infection gives the usual 
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incubation of about fourteen days, although cases developing in five, 
six and eight days are mentioned. Voisin reported two interesting cases 
of laboratory infection. A girl aged nineteen years swallowed a virulent 
culture of typhoid bacilli with suicidal intent. On the third day head- 
ache and fever developed ; on the seventh day abdominal pain, and on 
the eighth day rose spots. The fever ran a typical course. In the second 
case a young physician accidentally aspirated a small amount of a bou- 
illon culture of typhoid bacilli intp his mouth while making a Widal test. 
Although he promptly rinsed his mouth with bichlorid solution, typhoid 
fever developed. The first symptoms appeared on the fifth day and 
splenic enlargement and rose spots on the thirteenth day. 

I'^sually no symptoms mark the period of incubation, although 
careful inquiry often brings out a history of headache, lassitude and loss 
of appetite for a few days before the onset of the fever. These symptoms 
tend to increase in severity and are merged into the more well-ilefined 
illness of the onset of the disease. Often no sharp increase of symptoms 
marks the beginning of the j^eriod of invasion. There is an insidious 
aggravation of all the feelings of discomfort, and the patient finally 
stops work and takes to his bed. Without temi^eraturc observations and 
a clear history of the beginning of fever this event must be taken as 
indicating the first day of the stage of invasion. 

Course of the Disease. — First Week. — Chilliness followed by the 
flush and general aching of fever wdll often identify the first day of 
onset. A well-defined chill occurs in a small percentage of the cases. 
In Osier's series of 79 cases treated in one year at Johns Iloiikins Hos- 
pital 13 were ushered in by a chill. In addition, there are excessive 
fatigue, dizziness, anorexia and abdominal pain or discomfort. Occa- 
sionally there is vomiting. The bowels are constipated, or there may be 
a diarrhea, usually excited by a cathartic. Headache, severe and un- 
yielding, is a most important and characteristic symptom. Epistaxis is 
common on the second or third day. 

The temperature taken on the first or second day shows an eve- 
ning rise to 100° or 101° P. (37.8° or 38.33° C.). The pulse is 90 to 
100, full and soft, becoming dicrotic in the last days of the week. The 
pulse rate is slow in comparison with the height of the temperature 
and the severity of the general symptoms. The tongue is moist and 
coated, the breath heavy. A njild bronchitis with unproductive cough, 
and sometimes dyspnea, is a common initial manifestation. 

The symptoms continue and increase in severity. The temperature 
rises a degree or more each day, with morning remissions and evening 
exacerbations, until, toward the end of the first week, it reaches from 
103° to 104° F. (39.4° to 40° C.) in the evening. The daily range of 
the remissions is from one to two degrees. The headache continues and 
is complained of bitterly by the patient. Sleeplessness is frequent and a 
dreamy confusion makes the nights restless. The skin is hot and dry^ 
with occasional short periods of perspiration. Thirst and anorexia in- 
crease. The abdomen is slightly distended and there is usually tender- 
ness in the right lower quadrant with gurgling on pressure. Constipa- 
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tion persists^ or there may be one or two loose stools a day. This group 
of symptoms, all of which are more or less common to the febrile state 
from any cause, continue for about seven days, the first week of the 
disease. 

Second Week. — In the beginning of the second week, from the 
seventh to the twelfth day, the characteristic rose rash appears upon the 
skin of the abdomen or chest and enlargement of the spleen can often 
be demonstrated. The symptoms of the first week continue and some of 
them increase in severity. The fever reaches from 103° to 105 °P (39.4° 
to 40.6° C.) each evening, with slight or no morning remission. The 
pulse becomes more rapid and is soft and dicrotic. The subjective symp- 
toms tend to increase up to the middle of the second week. The head- 
ache then diminishes or ceases and the patient becomes dull and apa- 
thetic. In the severe cases there is delirium, especially at night. This 
is usually of a mild muttering type ; occasionally it is more noisy. The 
lips are dry and crack easily. The tongue is coated and may be dry. 
The abdomen is distended and the gurgling and tenderness in the right 
lower quadrant become more pronounced. The rose rash continues, 
appearing in crops of a few macules each day or two. Diarrhea, if 
present early, is aggravated, with several pale yellow, offensive move- 
jnents of characteristic pea soup consistency during the day ; or it may 
first show itself at this time. Constipation requiring measures for its 
relief is equally or more frequent. The urine is scanty and often shows 
a febrile albuminuria with a few casts. 

The second week may end the period of continuous high temperature 
and defervescence may begin (Fig. 3). This mild course is rarely seen 
excei)t in the typhoid fever of children. Death may occur late 
in the second week from intense toxemia or from hemorrhage or 
perforation. 

Third Week. — Usually the foregoing symptoms continue into the 
third week, the patient failing under the continued high temperature 
and toxemia. Toward the end of this week the temperature may begin 
to show more decided morning remissions. The pulse becomes weaker 
and faster, 100 to 130, loss of flesh is rapid and x>rostration is great. The 
face is pale with occasional flushings, the pupils are dilated and the 
expression is dull and heavy. The mouth and tongue are dry, the 
tongue often red and glazed. Without constant care the lips and teeth 
become covered wdth sordes. Diarrhea continues and involuntary evacu- 
ations may occur. Profuse perspirations are common; excoriations and 
bed-sores may appear. Delirium persists, with subsultus tendinum and 
picking at the bed clothes in highly toxic cases. This is the condition 
designated as the “typhoid state.'* Inefficient nursing and bad feeding 
are often responsible for the severity of some of these symptoms. In- 
testinal hemorrhage, perforation, bronchopneumonia and other grave 
complications are most frequent at this time. Progressive asthenia or 
one of these complications may cause death. 

Fourth Week. — This is the period of decline. Defervescence is by 
lysis, the disease ending gradually as it began. In rare cases a crisis 
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Fig. 3. — Chart in Mild Typhoid Fever. 

Hemorrbage on 14th day. (Personal observation. Patient aged 36.) 
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terminates the period of high temperature, and convalescence begins 
abruptly (Fig. 4). * 

The temperature curve shows characteristic oscillations or 
‘‘spikings.’^ Increasing morning remissions with sharp evening rises 
give a daily range from 101® to 104® P. (38.3® to 40° C.), the maximum 
diminishing each day by a degree or more. The pulse becomes slower, 
or it may increase in rapidity from myocardial weakness. 

The tongue moistens and cleans off, the appetite begins to return, the 
thirst lessens. The diarrhea abates, the abdomen becomes flat and the 
spleen shrinks. The general symptoms improve, delirium ceases and 
natural sleep replaces the wakeful and restless niglits. 

Fifth Week. — ^With the fall of the temperature to normal convales- 
cence begins. The i)ulse becomes slower and stronger. The ap- 
petite is keen, often ravenous. Nutrition improves and weight and 
strength increase. Diarrhea abates and a troublesome constipation ob- 
tains. The urine increases in amount and the albumin and casts 
disappear, if previously prestmt. The temperature remains low, with 
fluctuations below and above the normal line. In children and nervous 
adults the afternoon temperature often holds at from 99° to 100° P. 
(37.2® to 37.8® C.) for several days. Recrudescences are common, with 
a rise of 101® to 102® P. (38.3® to 38.9® C.). They arc excited by slight 
disturbances of digestion, physical exertion or nervous excitement, and 
last two or three days. The skin may desquamate and the hair fall 
out. The spleen is no longer palpable. Should it remain large the 
possibility of a relapse must be borne in mind. ^Murchison considered 
convalescence established when the temperature remained normal for 
two successive evenings. 

Variations in Symptoms and Course. — Divergence from the ordinary 
type of typhoid fever outlined above is common. There may be variation 
in the mode of onset, or in either the severity or the duration of the 
attack. Again, the brunt of the attack may be borne by a particular 
system or organ. Such localization of the infection gives a special char- 
acter to the symptoms and course. An intercurrent complication may 
hold the field during part, or throughout the whole course of the disease. 
The use of complex terms like pneumotyphoid, meningotyx^hoid, etc., to 
designate some of these unusual types is becoming obsolete. Although 
occasionally used, these terms are unnecessary and may be confusing. 

Variations in Mode of Onset. — 1, Abrupt Onset. — Instead of the 
gradual accession of the symptoms of the period of invasion the onset of 
typhoid fever may be a'brupt. With but insignificant premonitory symp- 
toms the fever may rise shariffy to 102® or 103® P. (38.9® or 39.4® C.) 
on the first day, with or without a chill, and the general symptoms reach 
a severity that in the usual cases is not attainjed until the end of the 
first week. Sharp remissions or intermissions in the fever, during the 
first week, are not uncommon. 

2, Onset with Pharyngeal Symptoms. — Severe sore throat with 
red pharynx, swollen tonsils and nasopharyngeal catarrh may usher in 
an attack. Severe facial neuralgia from invasion of the accessory sinuses 
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of the nose may still further confuse the clinical picture and lead the 
practitioner astray. 

3. Onset with Abix>minal Symptoms. — Stidden pyrexia with nausea 
and vomiting, abdominal pain and rigidity may mask the onset of the 
disease and simulate acute gastritis or peritonitis. The impetuous sur- 
geon may be led to open the abdomen, expecting to find a diseased 
appendix or other variety of acute abdomen. 

4. Onset with Respiratory Symptoms. — Respiratory symptoms may 
dominate the onset. The initial bronchitis may be of unusual severity. 
The high fever and sweats, rapid jmlse and respiration, with the physi- 
cal signs of a general bronchitis may closely resemble acute pulmonary 
tuberculosis. The first symptoms may be those of pneumonia, with chill, 
pleuritic pain and the physical signs of lobar consolidation. The typhoid 
bacillus has been recovered from the lung in some of these cases; others 
are examples of coincident infection by the pneumococcus and the 
typhoid bacillus. 

5. Onset with Renae Symptoms. — In rare cases, an acute nephritis 
with a scant, smoky urine containing albumin, blood and casts may re- 
place the usual symptoms of onset. The increasing and xi^^rsistent fever, 
with abatement in the severity of the renal symptoms, should lead to 
the suspicion of typhoid fever. 

6. Onset with Nervoifs Symptoms. — Severe, suddenly developing 
nervous symptoms may usher in an attack. The symptoms may be those 
of a meningitis; headache, vomiting, delirium, photophobia, retraction 
of the head and positive Kernig sign. Or drowsiness, stupor or coma 
may develop after a day or two of the usual symptoms, and fix attention 
upon the nervous system. 

Very rarely, in jiatioiits with a psychopathic tendeiK'y, delirium may 
develop with the onset of the fever, taking the form of a confusional or 
maniacal psychosis. In a dazed state such a patient may wander from 
home and end up in a hospital in some distant city, quite unable to 
reveal his identity; or he may be found hidden in some building where 
he has gone to escape fancied persecution. 

Special and Characteristic Symptoms. — The Temper.\ture. — The 
ordinary form of typhoid fever shows -a temperature curve which, while 
subject to various irregularities, is fairly characteristic and is an im- 
portant diagnostic feature. The typical chart (Fig. 4) shows a gradual 
rise with ascending oscillations during the first week. Normal in the 
morning, the temperature rises to 100"^ or 101"^ F. (37.8° or 38.3° C.) 
on the evening of the first day. On the following morning there is a 
remission of a degree or more, succeeded by an evening rise of 
about one degree higher than the maximum of the first day. This step- 
like ascent continues until about the end of the first week, when the 
temperature attains a height of from 103° to 105° F. (39.4° to 40.6° C.), 
depending upon the severity of the case. 

The classical textbook ascent is iierhaps exceptional, and various 
irregularities are the rule. Because of the insidious onset, the physician 
rarely sees a patient on the first day of the fever, and a temperature 
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Fig, 5. — Chart in Moderately Severe Typhoid Fever. 

Crisis on 21st dav. Four-hourly temperature. (Personal observation. Patient aged 52.) 
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observation is not often made until the disease is well advanced. Pa- 
tients under the author (Jennings’) observation who had been taken ill 
while in bed in the hospital, have shown the typical gradual rise of 
temperature. The period of ascent may be shortened to three or four 
days, or in severe cases the onset of the disease may be by chill followed 
by a persistent high fever. It is very unusual for the ascending period to 
be prolonged beyond the eighth day. Remissions of great amplitude or 
actual intermissions in the fever are occasionally observed and may be a 
feature of tlie case throughout its whole course. 

During the course of the second and third weeks of typhoid fever 
the temperature, as a rule, tends to hold a continuous high range with 
small oscillations. Without apparent reason it is quite common for the 
temperature to rise sharply above or fall below the average line. The 
study of a large number of temperature charts will emphasize the fact 
that every variety of curve may be met. Diiriiif^ the height of the 
disease in cases of moderate severity a daily maximum of from 104° 
to 105° F. (40° to 40.6° C.) is the rule. The two hour temperature chart 
will show two or more distinct elevations during the twenty-four hours. 
A midday maximum is often observed. Occasionally a reversal of type 
is seen, the remissions coming in the evening instead of in the morning. 
This is more apt to occur in children, in the aged and in persons occupied 
with night work. 

The end of the third week or the beginning of the fourth brings an 
increase in the amplitude of the daily remissions. Each day the remis- 
sion is greater and the maximum and minimum points lower. As the 
fever comes to an end the remissions decrease in range from day to day 
until the normal is reached. This period of descendimj oscil- 
lation^ is a fairly constant i)henomenon of both mild and severe cases. 
In very rare cases convalescence begins at the end of the third week, 
with a sudden critical fall of the temperature to normal (Fig. 5). 

The therapeutic cold bath disturbs the normal curve, and causes 
transient falls (Fig. 6). This is particularly the case toward the end 
of the fastigium. Sudden, unexx)ected temi^erature clmuges should 
always excite suspicion of the onset of some complication. Hemorrhage 
usually causes a drop of several degi^ees (Figs. 3 and 7). After perfor- 
ation it may either rise or fall. The complicating pus infections so fre- 
quent in typhoid disturb the fever curve, giving rise to many irreg- 
ularities. Thrombophlebitis is a not uncommon cause of disturbances in 
the normal curve of the third and fourth weeks. The rise often begins 
several days before the local signs of the phlebitis show themselves. Osier 
has noted wide oscillations of temperature following a severe hemorrhage. 
Hyperpyrexia is not common. In only 4 or 5 pen cent, of the eases is the 
temperature above 106° P. (41.1° C.) and very rarely does it rise above 
.107° P. (41.6° C.). Hypothemiia may be observed in protracted cases 
with great emaciation, the temperature persisting below normal for a 
week or more. Fever with irregular oscillations from complications and 
causes not always demonstrable may continue for weeks and indefinitely 
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tub bath. (Personal observation.) 
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Fig. 6 Continued. 
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delay convalescence. The temperature curves of recrudescence and re- 
layise are considered elsewhere. 

CiiiLns. — A chill, sometimes repeated, not infrequently marks the 
onset of typhoid fever and at this period has no special significance. 
In rare cases a relapse is ushered in by the same phenomenon. Occa- 
sionally chills occur during the course of the disease, and at this time 
they are always startling and may be of grave import. Osier has made 
a detailed study of the cases with chills under his observation at Johns 
Hopkins Hospital. They may occur under a variety of conditions. Most 
common is the chill resulting from the use of drugs, notably anti- 
j)yret 2 cs. In the author’s (Jennings’) early experience with antipyrin he 
saw two instan(*es of rather alarming chill and depression from moderate 
doses of the drug. Chills have been caused by hypodermic or intravenous 
injection of typhoid vaccine, a legitimate result of the direct entrance 
into the circulation of a foreign protein. Two of Osier’s cases resulted 
from the application of guaiacol to the skin. 

A chill may serve’ to announce a complication. Pneumonia, per- 
foration, appendicitis, thrombophlebitis or other complicating infections 
may begin in this way, although temj)eratnre variations without chills 
are more frequent. Occasionally a chill may precede a rapidly fatal 
hyperpyrexia. In a few cases a concurrent malarial infection has been 
X)roven to bo the cause by the demonstration of the plasmodium. Chills 
may occur tliroiigliout the course of the fever and the mo>st searching 
investigation may fail to reveal a local infection, a complication or any 
cause other than the typhoid septicemia itself. Conner asserts that chills 
in many of these obscure cases are due to a latent thrombophlebitis. 
The author (Jennings) saw a case of this kind in consultation with Doc- 
tor Bruce of Saginaw. The patient, aged 37, was taken ill with typhoid 
September 26 (Fig. 7). The disease ran the usual course of a case of 
moderate severity; the maximum temperature was 104° F. (40° C.). 
Tho Widal reaction was negative on the sixth day, positive on the twelfth 
day. On tlie seventeenth day the patient had a severe chill lasting half 
an hour, followed by a temperature of 105.5° F. (40.8° C.). The pulse 
w^as 120. After a profuse sweat the temperature returned to its former 
height — 103° F. (39.4° C.). The phenomenon recurred on the twen- 
tieth day and again on the twenty-lirst day, and then throughout the 
subsequent course of the disease at varying intervals. After the chill 
of the twenty-tirst day there was a hemorrhage of moderate amount, 
followed by a period of subnormal temperature and slow pulse lasting 
nearly twenty-four hours. Re]>eated complete physical examinations and 
laboratory investigations failed to reveal any complication, except the 
hemorrhage. The Widal reaction at this time was negative. The white 
blood count w’as 2850. The plasmodium w^as absent. Blood culture was 
I)ositive. Although the repetition of the chills w^as very alarming, the 
other synij^toms were not unusual and the case went on to good recovery. 

PuiiSE. — The pulse characteristics in typhoid fever are the slow rate 
in relation to the temperature and the early appearance of dicrotism. 

At the first examination of a typhoid patient the physician’s attention 
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is usually arrested by the full, soft pulse, which may be elevated slightly 
or not at all above the normal rate. With a temperature of 103° P. (39.4° 
C.) and higher, a pulse rate of 90 to 100 is not unusual. The dispro- 
portion between temperature and pulse is most marked after the first 
few days and continues into the second or third week. Then the rule 
is for it to become more rapid and variable, and to follow more closely 
the irregularities of the temperature curve. In many eases of moderate 
severity the low rate holds throughout the entire course of the disease. 
In 500 cases studied by MeCrae, there were 176 cases in which the pulse 
rate did not rise above 100. 

The pulse may be rapid at the onset or become so at any period dur- 
ing the (iourse of the disease. In a general way the rapidity is an index 
of the gravity of the case. Above 120 it is always looked upon with 
apprehension. It may be 140 or higher in the seriously ill. In adult 
patients with a pulse of 150 or more the mortality is very high. An 
intereurrent complication is often announced by an unexpected rise. 
Hemorrhage of any amount quite uniformly causes a sudden jump to 
120 or higher. A rapid running pulse accompanies perforation. As 
noted elsewhere typhoid fever of infancy and early childhood 
usually shows a rapid pulse, wdiich is not nectessarily of grave import. 
In the period of decline and during convalescence the pulse is extremely 
susi'X'ptible to nervous and other disturbing intluences and may show 
wide diurnal oscillations. 

At the end of the febrile period, when the temperature is subnormal, 
a very slow i)ulse, as low as 50 or 60, is not uncommon and a true brady- 
cardia may be seen with a rate of 40 or lower. No serious import is 
attached to this slow pulse. Irregularity and interraittence sometimes 
attend the slow rate. 

Tlie dicrotic pulse is more frequent in typhoid fever than in any of the 
acute infections. It appears early in the first week and may continue 
throughout the disease. It often disapi)ears in the se(*ond or third week, 
gradually becoming less immounced as the i)ulse becomes more rapid 

Therapeutic measures, particularly the cold bath, change the quality 
and ra])idity of the i)ulse. A reduction of ten beats or more is usual 
after the bath, the x>ulse losing its full compressible character and be- 
coming smaller and firmer. 

Blood-pressure. — The blood-pressure in typhoid is almost invariably 
below the normal range for the individual infected. In 115 cases studied 
by Crile the highest systolic pressure was 138 mm., the lowest 74 mm. 
and the mean 104 mm. The hypotension increases as the disease ad- 
vances. Crile \s cases showeil a mean pressure in the first week of 115 
mm.; second week, 106 mm,; third week, 102 mm.; fourth week, 96 mm. 
To be of practical value readings must be taken at frequent intervals and 
continued during the course of the disease. For this reason blood-pres- 
sure studies have not been popular. 

Blood. — The Red Cells . — During the first week the number of red 
blood-cells remains about normal. In the second week a reduction in 
the count is evident and this gradually increases and becomes greatest 
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about the end of the febrile period. Thayer found the fall frequently 
accentuated in the fourth week. Regeneration of the blood begins with 
convalescence, or even before, should a mild fever prolong the period of 
decline into the lifth or sixth week. The average maximum loss is 20 
per cent, of the red-cells. Sudden loss of body fluids from diarrhea, 
vomiting and profuse sweats may cause a transient, apparent increase* 
A sudden fall is the usual result of any considerable hemorrhage. The 
reduction of the hemoglobin percentage is about the «aine as the per- 
centage loss of rod cells. 

Leulcocytes. — lIncomi)licated typhoid fever shows a characteristic 
reduction in the number of leuk(»eytes in tlie peripheral circulation. In 
the first few days of the fever the number is normal, or there may be a 
slight increase. The number then progressively diminishes during the 
period of pyrexia, the extent of the fall depending upon the severity 
of the toxemia. A fall to 2,000 or even lower is not un(*oniinon, and 
may indicate a feeble defense and be of grave significance. The average 
innnber at the height of the disease is from 4,000 to 5,000. In exceptional 
instances, from 8,000 to 10,000 may be found in uncomplicated cases. 
The differential count shows (1) a i3rogressive reduction in the per- 
centage of polymorphonuclear celLs, (2) a progressive increase in the 
percentage of the mononuclear cells, esi)ecially of the large forms, and 
(3) a constant reduction in the percentage of the eosinophils. With the 
establishment of convalescence the number of white cells returns to the 
normal, although the characteristic differential count may continue for 
some time. A moderate leukocytosis is not unusual during the con- 
valescent period, often caused by some mild or hidden secondary infec- 
tion. 

Cold baths cause a sudden but transient increase in the number of 
leukocytes. The number may be increased to three or four limes what 
it was before tlie bath. The relative percentage in the differential count 
remains unchanged. This transient increase is not a true leukocytosis. 
It is dependent upon the changed surface circulation. For this reason 
a white cell count for diagnostic purposes should not be taken for three 
or four hours after a cold bath. 

Inflammatory complications and secondary infections by pyogenic 
organisms quite uniformly cause leukocytosis. The leukocytic count, 
therefore, is a most valuable aid in the differentiation of typhoid fever 
from septic conditions and in the recognition of the onset of septic and 
inflammatory complications. In very severe and malignant infections 
no increase in the number of leukocytes may take place. A high white 
cell count often immediately follows hemorrhage from the bowels, reach- 
ing a maximum inside of twenty-four hours and returning to tlie former 
number inside of a week. 

Perforation of the bowel also is marked by a leukocytosis which 
may precede the perforation by several hours. Usually it begins a few 
hours after the accident and rises rai>idl3^ to 10,000, 15,000 or higher. 
With the onset of general peritonitis there is often a rapid fall. The 
rapid changes in the number of leukocytes following perforation render 
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an hourly leukocyte count essential to the proper determination of the 
significance 3? this symptom. In perforation complicating profoundly 
toxic cases there is either no change or, frequently, an actual reduction 
in the number of cells. 

The Typhoid Rash. — The characteristic cutaneous symptom of ty- 
phoid fever is the rose-rash, a maculopapular eruption appearing chiefly 
upon the abdomen, chest and back. The rash can be demonstrated in 
from 80 to 90 per cent, of cases. McCrae’s white patients showed it in 
93.2 pe‘r ('ent. It is distinctive of typlioid fever and is eagerly looked 
for by the physician as tlie earliest conclusive clinical diagnostic feature. 

The rash consists of a number of discrete, circular, rose-colored spots 
from 1/12 to 1/8 inch in diameter. They are slightly elevated above the 
skin surface, perceptible to gentle palpation, and disappear with pres- 
sure. A minute vesicle sometimes forms at the apex of the lesion, and in 
severe cas(*s some of the spots may IxM'ome hemorrhagic*. The eruption 
usually first appears at the end of the first week or the beginning of 
the second week — from the sixth to the tenth day. It may appear as 
(^arly as the second or third day or as late as the fifteenth. In exceptional 
cases it is delaye<l until late in the attack, even after the end of the 
febrile period. The spots come in successive crops, a few at a time, 
and the individual lesion lasts from two to five days. The sjiots fade 
away, leaving a faint discoloration covered with a fine desquamation. 

The duration of the rash as a whole is from one to two weeks; or it 
may persist during the whole febrile period. The average number of 
lesions present, at one time is not large — from five to twenty. Only three 
or four may be found, or they may be very numerous: one hundred or 
more. The site of the rash is usually the abdomen and lower thorax, 
often the back and more rarely the neck, arms and legs. In quite rare 
eases sj)ots have been found on the face. The typhoid bacillus can often 
be recovered from the blood taken from the rose-rash. 

Tongue and Mouth. — In the early days of the disease the tongue is 
moist and covered with a white fur. As the disease progresses the coat- 
ing becomes thicker and discolored. The oral secretions are diminished 
and thick and the tongue tends to become dry and cracked, often red 
and glazed. It is tremulous and protruded with difficulty. The red, 
dry, baked tongue is particularly noted in cases with severe diarrhea 
and great prostration. The condition of the mouth and tongue is often 
an index of the quality of the nursing. With modern hospital care the 
dry tongue and foul mouth are much more rarely seen than formerly. 
Any great collection of sordes on the gums or teeth is certainly an 
indication of neglect. 

Cough. — Bronchitis is quite a constant feature of typhoid, and shows 
itself by an infrequent cough in the early days of the disease. It is 
usually restricted to the upper bronchi and causes no other symptoms. 
A few coarse rales are heard over the front and back of the chest. It 
may be more severe and attended by a frequent, distressing cough and 
by dyspnea. Abundant coarse and fine rales fill the entire chest. 

Constipation and Diarrhea. — Either of these conditions may be 
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present throughout the whole course of the disease, or there may be al- 
ternating periods of constipation and loose movements. In the endemic 
typhoid of the large cities of this country constipation predominates. 
In two outbreaks recently observed by the author (Jennings), the inges- 
tion of highly polluted river water was followed in from three to five days 
by a severe gastro-enteritis with diarrhea. About 20 per cent, of these 
cases developed typhoid fever later. Instead of persisting, the diarrhea 
usually abated with the onset of the typhoid fever and was replaced by 
constipation. This would tend to show that the diarrhea was the result 
of a general intestinal catarrh, and that the typhoid lesions themselves 
did not produce diarrhea. In general, diarrhea is present in some stage 
of the disease in from 20 to 30 per cent, of the cases. It occurs as a 
prodromal symptom in a small number of eases. It may appear in the 
latter i)art of the first week, or not until the seeond or third week. The 
administration of cathartics may precijiitate the onset of the condition. 
The influence of bad feeding is very great, and the onset of loose move- 
ments after a period of constipation usually calls for a careful revision 
of the diet. When diarrhea is present the number of movements varies 
from one or two in the twenty-four hours to as many as six or 
eight or more. The movements are large, thin and of a dull yellow 
color. The reaction is alkaline and the odor is offensive. The charac- 
teristic typhoid stool has the consistency and ai)pearance of pea soup. 
After it has stood, a thin, turbid fluid layer overlies a thicker, floccu- 
lent, opaque stratum. Severe diarrhea is an unfavorable symptom. It 
drains the tissue fluids, dries up the tongue, seriously interferes wdth 
nutrition, and aggravates tlie exhaustion and w^asting of the late jjeriod 
of the disease. 

Abdominal. Tenderness and Pain. — Abdominal tenderness accom- 
panied by or without pain, is one of the group of symptoms that help 
to make up the commonly recognized clinical picture of typhoid fever. 
The tenderness may be general over the whole abdomen or, more fre- 
quently, it is restricted to the right lower quadrant. It can often be 
elicited early in the period of invasion, and, in that case, may be an 
important suggestive symptom; or it may V)e found at any time during 
the course of the fever. The specific bowel lesion is of itself an adequate 
cause for the symptom. Neither the tenderness nor the pain due to 
this cause alone is usually severe. In diarrheal cases the tenderness is 
greater and more widely spread over the abdomen. In these cases pain 
of a colicky character may precede the bowel movements or may be con- 
tinuous and harassing to the patient. In certain cases severe abdominal 
pain may be present, with tenderness, distention and rigidity, but with 
no complication that can be demonstrated. Many conditions inci- 
dent to the course of a prolonged fever may cause periods of pain of 
longer or shorter duration. Attacks of indigestion, vomiting, colic, 
diarrhea or constipation, and distended bladder belong to this group. 
Pain over the enlarged spleen is quite common. Various thoracic and 
abdominal complications^are manifested by abdominal pain and tender- 
ness and these symx^toms, if at all severe or persistent, demand critical 
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search for their cause. In the presence of unusual abdominal pain, per- 
foration and hemorrhage should always be uppermost in the mind of 
the attendant, because of the urgent necessity of prompt diagnosis. 
McCrea found pain and tenderness from various causes and complica- 
tions in three-fifths of 500 carefully studied cases. , 

Tympanites. — Intestinal x^aresis, the result of inflammatory exudate 
in the musculature of the bowel wall, favors the develoinnent of tym- 
panites, which is present at some time in the course of the disease in 
most cases of tyxihoid. Gurgling from intermittent i)ressure over the 
right iliac fossa may be elicited in the first week of the disease. It is 
found so frequently in other acute abdominal conditions that it can- 
not be considered a distinctive tyxfiioid symx:)tom, but it may conixfiete 
the symptom-comxfiex of the first week of the dise*ase, and thus aid in 
arousing suspicion of the onset of typhoid fever. Mild and moderately 
severe cases, if properly nursed and carefully fed, rarely show tympan- 
ites of any severity. The development of the condition in these cases, 
as in diarrhea, calls for a revision of the dietary and attention to the 
alimentary tract. A clean colon is an efficient x^^'f'ventive. 

Severe meteorism is an indication of toxemia and may be of 
|:rave import. It seriously interferes w’ith the digestion and absorption 
of food, and it may iirecixiitate hemorrhage or perforation. It may also 
seriously embarrass respiration and the action of the heart. A single 
deep ulcer has been thought to be the cause of severe intestinal disten- 
tion. 

Spleen. — The spleen is invariably enlarged. Swelling begins with 
the onset of the disease but can rarely be demonstrated by y)alx)ation 
until the end of the first week or the beginning of the second week. 
The spleen may not become yialpable until late in the disease, or not at 
all. The enlargement can be determined with certainty only by palpa- 
tion. Percussion is notoriously unreliable. In Osier’s studies the organ 
was palpable in 71 per cent of all cases. It is, therefore, an important 
member of the group of clinical findings that permit a presumptive 
diagnosis of typhoid fever. 

Headache. — This is a constant early symptom, occurring in from 70 to 
75 per cent, of the cases. It may be a dull, heavy ache or an intense stab- 
bing or boring i)ain. It may be frontal or occipital, more rarely iiarietal. 
It comes early, and by fixing the attention of the patient it is very 
useful in directing investigation to possible tyi)hoid infection. It con- 
tinues throughout the first week and lessens in severity in the beginning 
of the second week, when increasing mental hebetude tends to blunt 
the sensibilities of the jiatient. Headache continuing or increasing later 
than the end of the second week should excite suspicion of meningitis 
or other intracranial complication. 

The Typhoid State. — This term is used to designate the symptom- 
comy^lex expressing the profound asthenia that may result from severe 
infections or intoxications. It is not distinctive of typhoid fever. It 
may be met in the course of any severe and prolonged infectious disease, 
in abdominal inflammations, in urinary tract infections, intracranial 
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diseases and in some intoxications like acute phosphorus-poisoning. In 
the second week of severe cases of typhoid fever, earlier in the worst 
forms, the patient passes into a state of extreme physical and nervous 
prostration. lie lies in bed relaxed and in a more or less profound 
stupor. Consciousness is obliterated and the special senses dulled. He 
resi)onds sluggishly to mental and i)hysical impressions. He is aroused 
with diflfieulty and takes food and drink only when urged. The tem- 
perature is usually high, although in the aged and in alcoholic, diabetic 
and other debilitated patients the pyrexia may be of a low type. The 
pulse is rapid and weak. The respiration is quickened because of pas- 
sive congestion of the base of the lungs. The tongue is brown and dry, 
the lips cracked, and there is abundant dry secretion on the teeth and 
gums. There is a low muttering delirium, twitching of the tendons, 
picking at the bed clothes and grasping after imaginary objects. In- 
voluntary discharge of the excretions may occur. This condition, when 
pronounced, is always a very grave one. 

Relapse. — Recrudescence or Spurious Relapse. — The convalescent 
I)eriod is not infrequently interrupted by short periods of pyrexia. The 
typhoid convalescent is peculiarly sensitive to fever-producing influences. 
No adequate cause may be found, but usually the disturbance can be 
traced to an indiscretion in diet, constipation, a return of the diarrhea, 
physical exertion, or nervous excitement. An indiscreet visitor will 
often excite a transient rise of the patient’s temperature. A careful 
search should always be made for a complication. 

The important feature of the recrudescence is the rise of tempera- 
ture. Malaise, headache and a return of the lassitude are the usual ac- 
eonij)animents. The temperature reaches the maximum in from one to 
three days and quickly begins to decline. The duration of the febrile 
period is from one to flve or six days. Ai)prehension that the apx)arent 
recrudescence may be the onset of a true relapse is always in the mind 
of the attendant. 

True Relapse. — The true relapse is a re-iufeetion of the x)atieiit with 
the typhoid bacillus, after convalescence is apparently established. It 
occurs after a few days of normal temperature, usually before the end 
of the second week after the termination of the original i)eriod of fever. 
It may begin as earlj^ as the second day after the temx>erature has fallen 
to normal, or its ap£)earance may be delayed until the fourth week or 
longer. The longest interval in McCrea’s series was 43 days. In Cursch- 
mann’s experience it was 53 days. 

The frequency of relapse varies in different epidemics and it is 
stated by writers to occur in from 3 to 16 per cent, of the eases. In a 
collection of 28,057 cases by McCrae from European and American 
sources relapse occurred in 8.8 per cent. 

Liability to relapse is as gi'eat or greater in mild as in severe pri- 
mary attacks. Often the mild and abortive cases are followed by severe 
relapses from which the diagnosis of the original attack may first be 
made in retrospect. 

The cause of relapse is not settled. The authors are in accord with 
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Gay, who believes that they ‘'are undoubtedly due to the overflowing 
of typhoid bacilli from their localized metastatic or ultimate foci in the 
body.” Among these foci, those which have been considered to be par- 
ticularly concerned in the etiology of relapse are the gall bladder, spleen 
and bone-marrow. These tissues serve as reservoirs for the re-infection 
of the circulation. 

Except when it follows a very mild or abortive attack, the relapse 
runs a shorter course than the first infection. The relapse may be 
multiple, two or more attacks succeeding each other at varying inter- 
vals. Osier records a case with six relapses. The onset of a relapse is 
usually gradual, with the step-like ascent of the temperature as in the 
primary attack; or it may be sudden, with chill and rapidly rising 
fever. The symptoms arc practically the same as in ordinary typhoid. 
The pulse is usually more rapid and dicrotism is loss frequent. The 
rose-spots may reappear, and the spleen enlarge. It has frequently 
been noted that relapse is very apt to iollov^ if splenic enlargement per- 
sists after convalescence from the original attack. A new crop of in- 
testinal lesions may occur, and the typhoid bacillus may again be re- 
covered from the blood. 

The duration of the relapse is from one to three weeks. In excei>- 
tional cases a moderate irregular pyrexia persists for several weeks 
without evidence of a pus focus or other complication. 

The mortality of true relapse is low, from 2 to 5 per cent. Shattuck 
met with one death in 21 cases. McCrea, in 172 cases of relapse, ob- 
served 5 deaths, or 2.9 per cent. In the Hamburg epidemic cited by 
Cursehmann the death rate in 496 relapses was 4.9 per cent. 

Intercurbent Relapse. — This is a term applied in this country 
to an exacerbation of the disease that begins during the period of de- 
cline, before the temperature has become normal. Cursehmann, Sidney 
Phillips and other European writers, speak of this form of relapse as 
a recrudescence. After the period of high temperature has passed and 
the patient appears to be well on the way to recovery the temperature 
again rises to a high point and all the symptoms of the fastigium re- 
appear, continue for a week or more, and then gradually fade away. 
The course of this form of re-infection may be very severe and pro- 
tracted. The frequent occurrence of relapse seems to indicate that im- 
munity to typhoid infection is acquired slowly and is not fully estab- 
lished until some weeks after the end of the febrile period. 

Second Attack. — One attack of typhoid fever usually gives im- 
munity that continues through life. Immunity may, however, be 
abridged, and a second attack occasionally occurs at an interval of 
months or years after the first. 

During the last year the author (Jennings) observed a boy of 15 in the 
height of a typhoid attack who had passed through an equally typical 
attack under the same attending physician eight months before. As the 
diagnosis in both attacks was made by clinical findings alone one of 
the infections may have been a paratyphoid. Infection by different 
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strains of the typhoid group of bacilli may explain many if not all cases 
of second attacks* 


DIAGNOSIS 

The modern diagnosis of typhoid fever rests upon (1) the analysis 
of the clinical history and symptoms presented by the patient, and (2), 
the demonstration by laboratory methods of the typhoid bacillus in the 
body and the specific reactions that it there produces. 

Because of the high morbidity from typhoid fever in rural communi- 
ties, remote from hospital and laboratory facilities, the diagnosis of the 
disease at the present time, in a large proportion of the cases, is 
based upon clinical data alone. The establishment in the last few years 
of public and private clinical laboratories extensively throughout the 
country is rapidly bringing laboratory facilities for diagnosis within the 
reach of all. 

Bedside diagnosis by experienced clinicians can usually be made with 
precision, and few cases running anything like the average course es- 
ca])e detection, although the diagnosis is often delayed until late in the 
course of the disease when a retrospective analysis of the symptom- 
complex can be made and other pathological conditions excluded by the 
course of events. However, the disease presents such a variability in 
symptomatology, it simulates so closely other febrile diseases, and so 
many mild and atypical cases occur in which distinctive symptoms are 
missing, that diagnosis without laboratory aid may be very difficult; 
indeed, it is often impossible. 

The laboratory is the short cut to a positive diagnosis. Its aid 
when available should always be sought, but it should not take the place 
of careful clinical observation and study. A prcsumj)tive clinical diag- 
nosis should first be made and then checked up by laboratory examina- 
tions. Too great dei>endence upon the laboratory conduces to careless- 
ness in bedside observation and tends to develop a feeble faith in clini- 
cal deductions. 

In the final analysis, however, it must be admitted that no positive 
diagnosis of typhoid fever ('.an be asserted without the confirmation of 
laboratory tests. As Gay correctly says, “If repeated and complete 
laboratory tests for typhoid fever, properly performed, result nega- 
tively, no definite positive diagnosis of typhoid fever should be made on 
the basis of the clinicial examination alone/’ 

Depending upon the period in the clinical history in which a case 
first comes under observation, or in which the question of typhoid in- 
fection first arises, the problem of the diagnosis of typhoid fevet pre- 
sents itself practically at the bedside in three phases: 

First, the diagnosis in the first week of the disease. 

Second, the diagnosis in the period of continuous high temperature, 
from the second to the fourth week. 

Third, the ^agnosis in cases of prolonged pyrexia in which typhoid 
infection is sus^^pected. 
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Diagnosis in the First Week 

Typhoid fever should be considered as a possibility in the diagnosis 
of every acute febrile illness, regardless of the mode of onset or the 
age of the patient. A provisional or positive diagnosis at the earliest 
possible time is important both to the welfare of the patient and for 
the protection of the community. With this disease in mind the physi- 
cian will so direct his clinical and laboratory investigations that an 
early solution of the x^roblem is made possible. The differential diag- 
nosis of typhoid fever in the first week from the many diseases that re- 
semble it is peculiarly the problem for the family practitioner. The 
symptoms are rarely so urgent as to suggest consultation or hospital 
care. The family practitioner should be an exjiert in this field of dif- 
ferential diagnosis. ^ 

General Diagnosis. — CniNiCAn Data. — From the clinical data alone 
only a provisional diagnosis of typhoid fever is possible in the first 
week. There are no characteristic individual symptoms of onset, but 
a careful study of the group of x>henomena present will usually lead to 
a suspicion strong enough to be a guide to personal and preventive 
therapeutics. 

The clinical data of the first week that determine the provisional 
diagnosis are: 

(1) Mode of Onset . — This is usually gradual, and is often preceded by 
a few days of vague symptoms that are ascribed to a cold, digestive dis- 
turbances, or to some other minor ailment. Chilliness, or less frequently 
a distinct chill, may usher in the invasion period. 

(2) Temperatvre. — The gradual steplike ascent of the temperature 
is a symptom of significance when observation begins on the first or 
second day. Opr)ortunity for this early observation comes frequently 
to the family practitioner. Unfortunately the habit of the routine ad- 
ministration of an antipyretic in the early days of acute febrile diseases 
too often hides the suggestive curve. Such treatment is unwise when 
the diagnosis of a develoj>ing infection is in doubt. No variety of 
temperature curve, however, should exclude typhoid; exceptions to the 
rule of gradual rise are very frequent. 

(3) Pulse-rate . — The pulse-rate, which is remarkably slow in relation 
to the height of temperature, quickly arrests the attention of the care- 
ful clinician. With a temperature of 102° or 103°F. (38.9° or 39.4°C.) 
a pulse rate below 100 is often noted. This lack of harmony is quite 
peculiar to typhoid fever and is a valuable suggestive symptom. The 
character of the juilse is full, soft, and shows dicrotism quite early. 
Associated wdth the slow rate, the dicrotism has much significance. 

(4) Headache . — Headache is often the most emphatic symptom of 
invasion, and while common to other acute diseases it should always 
direct attention to typhoid fever. It may be severe and persistent. It 
is quite significant in patients previously free from headaches. 

(5) Tenderness and Gurgling . — These symptoms can be demon- 
strated in the right lower quadrant of the abdomen during the first 
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week> in quite a percentage of the cases. Abdominal pain, geiieral or 
localized, is also frequent. 

(6) Diarrhea, — Diarrhea at the onset is very unusual in other acute 
febrile diseases. It is present early in from 20 to 30 per cent, of typhoid 
cases. 

(7) Epistcoxis , — Epistaxis from the second to fourth day occurs often 
enough to be an important suggestive symptom. 

(8) Prostration and Mental Dullness. — ^In early typhoid these symp- 
toms arc quite out of proportion to the other manifestations, and should 
direct attention to this disease. 

(9) Cough. — Cough is present in a large percentage of cases. Asso- 
ciated with a rising temperature and with other symptoms dispropor- 
tionate to the findings in the chest, it sliould suggest further examina- 
tion for the presence of typhoid infection. 

The foregoing group of symptoms, more or less complete, persisting 
over a period of a week and not manifestly due to some other infection, 
justifies a provisional diagnosis of typhoid fever. The prevalence of 
typhoid fever in the locality, the history of a recent visit to an infected 
community, or the possibility of personal contact with a typhoid pa- 
tient, may be incidents of distinct aid in establishing the diagnosis. 

Laboratory Data. — A positive diagnosis of typhoid fever by labora- 
tory tests can be made in the first week of the disease in from seventy 
to eighty per cent, of the cases. This certainty, as compared with the 
vagueness of clinical deductions, emphasizes the imi)ortancc of resorting 
to laboratorj^ methods of diagnosis in every case of acute febrile disease 
which is ushered in by symptoms suggestive of typhoid fever. Labora- 
tory methods are considered in detail under a separate heading. 

(1) Blood Culture. — A positive blood culture is the most convincing 
evidence of typhoid fever. It is the most important single factor in 
the early diagnosis of the disease. Fortunately the percentage of posi- 
tive cultures is highest in the first week. Any physician should be 
able to master the simple technic necessary to withdraw blood aseptic- 
ally from a vein and to inoculate a flask of sterile boullion. The culture 
can then be sent to a bacteriological laboratory for incubation and 
study. This simple procedure will usually cut short the many days of 
embarrassing doubt that must intervene if one waits for the develop- 
ment of convincing clinical data. 

(2) Agglutination Test or Widal Feaction. — A positive agglutina- 
tion reaction can be obtained in about 90 per cent, of all cases of typhoid 
fever, at some period of the disease. It is a late symptom, rarely ap- 
pearing before the eighth day. It is, therefore, of comparatively little 
assistance in making a diagnosis in the first week. While a positive re- 
sult is highly presumptive of typhoid, a negative finding has no sig- 
nificance. As noted elsewhere, subjects vaccinated against typhoid fever 
give a i>ositive agglutination test for several months following vaccina- 
tion. 

(3) Leukocyte Count. — Uncomplicated typhoid fever gives a low 
white-cell count, manifested early and continuing throughout the dis- 
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ease. At the onset the count is often normal or slightly increased. By 
the middle of the first week the number of white-cells falls to from 
2,000 to 5,000 per cu. mm. The differential count shows the polymor- 
phonuclear cells, and eosinophils to be decreased, and the mononuclear 
cells increased. Increased leukocyte count is common to most diseases 
that may simulate typhoid fever in the first week. This simple labora- 
tory procedure, therefore, is of great value in early diagnosis. A 
leukocytosis rules out uncomplicated typhoid, while a leukopenia is 
strongly suggestive of it. 

Differential Diagnosis. — All of the acute febrile diseases must be 
passed in review in the differentiation of typhoid fever in the first week. 
In most of these diseases the appearance of distinctive clinical symp- 
toms within two or three days eliminates the possibility of typhoid ; in 
a certain number of cases careful matching of symptoms for several 
days and an early resort to laboratory aid, are necessary to reach a 
conclusion. 

The Acr/TE Exanthemata. — The symptoms of the eruptive fevers 
before the appearance of the rash may give rise to the suspicion of the 
onset of typhoid fever. iSudden onset with vomiting, rapidly rising tem- 
perature, quick pulse, peculiar tongue and red, sore throat are charac- 
teristic of scarlatina. The eruption, ap^>earing in from twenty-four to 
thirty-six hours, quickly determines the diagnosis. In rare cases a 
searlatinifonn erythema in the first week of typhoid may be confusing. 
In variola the longer period of invasion and the severe headache 
may suggest typhoid. In variola vomiting is common and the intense 
backache is very characteristic. The eruption comes on the third day. 
Measles may be more confusing. The invasion is more gradual and 
the distincjtive catarrhal symi)toms are frequently delayed for three 
or four days. The cough may resemble the early cough of ty^dioid, and 
the drowsiness may suggest the typhoid stupor. The ('onjunctivitis and 
coryza are almost never seen in typhoid. Koplik’s spots are positively 
diagnostic of m(*asles. The rash comes on the fourth day. In the ex- 
cei^tional cases in which the eruption is dcdayed until the fifth or sixth 
day typhoid fever may be strongly suspected. 

In Infi.uenza the onset is usually sudden. In the recent epidemic, 
however, many cases developed gradually, with steplike rise of tempera- 
ture, abdominal tenderness and relaxed bowel movements. This was fol- 
lowed by mild catarrhal symptoms, relatively slow pulse, low white blood- 
cell count, headache and nose-bleed, — a symptom-complex impossible 
to distinguish from typhoid fever. The critical drop in temperature 
about the end of the week would determine the diagnosis of influenza, 
except that it might mark the end of an abortive attack of typhoid fever. 
A positive diagnosis is possible only by blood culture. Persistence of 
the continued fever through the second week renders typhoid probable, 
although the pyrexia of influenza may j^ersist for two weeks or longer. 
Recently a hospital patient under the author’s (Jennings’) care, con- 
valescent from typhoid, surrounded by influenza, developed fever two 
weeks after defervescence. The question arose: was the fever due to 
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influenza or to a typhoid relapse ? A positive blood culture on the fifth 
day made typhoid relapse fairly certain, as the typhoid Bacillus is 
rarely found in the circulating blood so long after the end of the fever. 
The subsequent typical course of the relapse confirmed the laboratory 
diagnosis. 

Pneumonia may simulate typhoid fever in the invasion period. The 
’l)hysical signs of pneumonia in children and in the aged are often 
masked and the disease will run along for several days with only the 
symptoms of fever, a slight cough and almost no physical signs. Central 
pneumonia at any age may give the same confusing clinical history. 
In contradistinction to tyj)hoid fever the onset of pneumonia is abrupt, 
usually with a chill. The temperature quickly rises to a moderate height 
and persists. Increased frequency of respiration is almost always pres- 
ent from the beginning, and is a symx)tom of such great signifi(*aiice 
that it should (*all attention immediately to pulmonary disease. Pleu- 
ritic. pain may be absent or, what is more confusing, if present it may 
be referred to the abdomen. The expected rusty sputum may not^ap- 
pear for several days. Herpes, practically never seen in the first week 
of tyjhoid, is a frequent pneumonia symptom. Repeated physical ex- 
amination of the chest, carefully made, searching for signs at the apex, 
the base and in the axillary region, will rarely fail to unmask a pneu- 
monia after two or Ihree days. The leukocyte count, high in pneu- 
monia, low in typhoid, is a great diagnostic aid. Blood culture with 
a positive finding is conclusive. Typhoid fever with pneumonia-like 
onset, pneumo-typhoid, giving the symptoms and the physical signs of 
pneumonia, is a rare condition, which the author lias never observed. It 
would deceive the elect. Only the late history of the case will suggest 
the possibility of tyjihoid fever, and a positive diagnosis can be made 
only by laboratory methods. 

Septicemias and Local, Infections. — The septicemias and local 
infections by the streiitocoecus, staiihyloeoccus, gonococcus, colon 
bacillus and other organisms, often present the jiroblein of differentia- 
tion from typhoid fever. The septicemias develop ra^iidly and without 
premonitory symptoms. The first days are marked by cliills and by 
an erratic temiierature, irregularly remittent or intermittent in type. 
After the initial chill the temperature may rise to a high point and 
persist as a continued fever. Profuse sweats are common. The pulse 
is rapid, quite distinct from the slow, dicrotic pulse of typhoid. The 
spleen enlarges early and may be a confusing symptom, although early 
enlargement is but rarely seen in typhoid. A portal of entry of the 
infection can often be demonstrated. With its usual symptoms of on- 
set, typhoid fever would rarely be confused with a septicemia, but the 
early clinical history of both conditions is so variable and may be so 
similar that in many cases certainty in diagnosis in the first week may 
be obtained only by laboratory methods. A high leukocyte count with 
a high percentage of polymorphonuclears is characteristic of septice- 
mia. A blood culture with positive findings would certainly differen- 
tiate the two diseases. 
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The fever attending^ hidden local infections by the various pyo- 
genic organisms may be mistaken for typhoid fever before local 
. symptoms of^ pns infection are pronounced. Infections of the throat, 
middle ears and of the accessory sinuses of the nose, particularly in 
the case of children, may pursue their course for several days, with 
fever as the only symptom, and would suggest the onset of typhoid 
fever. Subdiaphragmatic abscess, cholecystitis, pylephlebitis, hej^atic ab- 
scess and perinephritis in the upper abdomen; salpingitis, prostatic or 
perirectal abscess in the lower abdomen, may begin with fever and in- 
definite or no localizing symptoms. The urinary septicemia of old men 
with prostatic disease, manifested by fever, dry, brown tongue, nervous 
symptoms and prostration, may arouse the suspicion of typhoid. Pyeli- 
tis in children and pregnant women causes a fever with no distinctive 
subjective or objective symptoms, and if a routine urinary analysis be 
neglected the disease may easily be mistaken for typhoid. Osteomyelitis 
in children has been mistaken for typhoid fever. General infection by 
the gonococcus may cause confusion when the local infection is concealed. 

The distinction of these various infections from typhoid fever de- 
pends, first, upon a sear(*hing and complete ])hysical examination — 
every region and organ should be examined for localizing signs — second, 
upon the results of the white blood-cell count and blood culture. A 
high leukocyte count fixes the attention upon a pus infection and stimu- 
lates further search for the focus. It may in itself be conclusive. A 
blood culture is of decisive assistance. 

Puerperal Septicemm , — The obstetrician occasionally is reluctant to 
acknowledge puerperal infection and seeks to explain a postpartum fever 
by the presence of an intercurrent infection like typhoid fever or mal- 
aria. The problem of differential diagnosis is the same here as in sep- 
ticemia of other etiology. The fact of the pueri)eral state, however, 
is of the highest significance. It is strong evidence of a 

septicemia, and only the positive results of laboratory tests should be 
taken as proof of an intercurrent typhoid. Tyi3hoid fever may occur 
"in the pregnant woman and cause abortion or premature delivery. The 
fever persists after delivery and a differential diagnosis from septic 
infection may be imi)Ossible without laboratory assistance. 

Appendicitis. — Axipendicitis begins suddenly with sharp abdominal 
pain, circumscribed tenderness in the right lower quadrant, and mus- 
cular rigidity. Irregular fever, slight or of moderate degree, is pres- 
ent ; the jiulse is rapid ; nausea or vomiting and constipation are usual. 
The abdominal symptoms of tyi)hoid fever are very rarely as pro- 
nounced as in appendicitis, and aii error in diagnosis should not occur. 
Although there may be jiaiii and tenderness, rigidity is not present in 
tyi)hoid. The leucocyte count is of great value. It is quite uniformly 
high in appendicitis. We have known eager young surgeons impressed 
with the necessity of immediate operation in appendicitis to open the 
abdomen in tyiihoid, expecting to find a diseased appendix. Typhoid 
fever with an early complicating appendicitis would present unusual 
difficulties. In recent army experience, antirtyphoid vaccination has 
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occasionally been followed by fever, acute abdominal pain and vomit- 
ingf. Such cases have been mistaken for and treated as appendicitis. 

Acute Enteritis. — Acute enteritis with fever, abdomihcu pain^ dis- 
tention and tenderness, and diarrhea suggests the onset of typhoid 
fever. The severe forms of enteritis begin with stormy symptoms. The 
fever rises abruptly and all the symptoms reach their height in from 
twenty-four to forty-eight hours and then as a rule begin to subside. 
Should the fever persist longer distinction by clinical evidence alone 
is impossible until the presence of the rash, the enlarged spleen, and 
the steady temperature curve of the second week of typhoid fever clears 
the diagnosis. Milder forms of gastro-enteritis are frequently met with, 
particularly in children, and are more difficult to differentiate. 
The fever is moderate; distention, gurgling, i)ain and tenderness in the 
right lower quadrant are frequently seen. Anorexia, coated tongue and 
headache may be added and complete a clinical picture identical with 
that of the first few days of typhoid fever. Such symptoms usually 
promptly respond to low diet and cathartic medication, but when re- 
bellious to such treatment laboratory aid to exclude typhoid fever may 
be required. 

Ephemeral Fever, Febrtcula, Simple Continued Fever. — These 
terms arc used to designate short, febrile attacks of undetermined etiol- 
ogy. Such fevers may resemble typhoid fever during the period of 
onset. Complete laboratory study of these cases show's that many of 
them are examples of mild typhoid or paratyphoid infection. Others 
are symptomatic of hidden local infections or due to toxic causes. A 
final diagnosis of febricula, w^hich is a confession of ignorance, is justi- 
fied only w'hen thorough investigation by clinical and laboratory meth- 
ods fails to reveal a definite etiology. 

Paratyphoid Fever, A and B. — Paratyphoid, fever cannot certainly 
be distinguished by clinical methods from typhoid fever. Either 
variety of paratyphoid may pursue a course identical wuth that of 
typhoid fever and present all the symptoms and complications of this 
disease. Practically a x^ositive differential diagnosis is of minor im- 
portance. The therai^eutics of the two diseases is identical and the 
measures to be adoiited for the prevention of their extension in the com- 
munity are the same. 

The recent studies of groups of paratyphoid infections by observers 
with the armies in France have shown, however, that there are certain 
clinical differences betw^een the paratyphoid and typhoid fevers which, 
while they are not sufficiently marked to distinguish with any certainty 
individual cases, may be adequate in group observation for provisional 
differential diagnosis. Wiltshire states that as his experience increased 
he found that it was possible to give a fairly sound opinion on the dif- 
ferential diagnosis of the two diseases, “though never with such cer- 
tainty that bacteriological examination could be excluded.’’ 

In general, the paratyphoid fevers pursue a milder and shorter 
course than does typhoid. The onset of paratyphoid is more frequently 
abrupt, and the duration of the period of invasion is shorter — from three 
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to four days. The initial symptoms are very similar to those of typhoid. 
Anorexia, nausea, headache, epistaxis and insomnia are usual. 
Vomiting and chills are much more frequently noted than in typhoid. 
The temperature rises more sharply and reaches the usual maximum of 
about lOS'^F. (39.4'^C.) in three or four days. The fastigiam and the 
period of decline are both shorter than in typhoid, and the total dura- 
tion of the pyrexial period is usually not more than two weeks. Early 
and marked remissions of the fever are the rule. The pulse is slow, as 
in typhoid, but dierotism is less frequent. The tongue is more apt to 
be moist and is not so lieavily coated as in typhoid. Gastro-intestinal 
symptoms are often more severe but of shorter duration. The stools 
are darker in color. The liver is frequently palpable below the rib 
line, and jaundice, very unusual in typhoid, is a frequent symx^tom. 
The spleen, although enlarged, is rarely palpable. The rose rash is 
present in about 60 per een-t. of the cases and appears rather later in the 
disease than in typhoid. Wiltshire gives the average date of appeal!® 
ance as the thirteenth day. The spots may not be distinguishable from 
the tyidioid roseola. In about 50 per cent, of the eases the rash is of the 
“ ])aratyphoid type” (Wiltshire). Bach individual spot is larger than 
the rose spot of typhoid fever, much more raised, and frequently lenticu- 
lar in outline. The spots are darker in color and do not completely dis- 
appear on jiressure. Pigmentation and desquamation are usual. This 
peculiar type of eruption is quite striking in appearance and is of con- 
siderable importance in differential diagnosis. Herpes, very rare in 
t5^phoid fever, is quite frequent in paratyphpid and when jiresent should 
ahvays suggest this disease, Persi>iration is frecjnent, both at the onset 
and during the course of the disease, and is often i^rofuse. Nervous 
symiJtoms are less frequent and less severe than in typhoid, and the 
typhoid state is unusual. INIeningeal involvement is stated to be more 
frequent than in tyjihoid. Severe occipital pain is common. 

While the foregoing group of differential symx>toms may be suf- 
ficient for a jiresumptive diagnosis, especially when viewed in retrospect, 
or observed in a group of cases, positive differentiation of paratyphoid 
from typhoid fever can be made only by the isolation of the paratyphoid 
bacillus from the blood, urine or feces and its identification by cultural 
methods, or by the Widal agglutination reaction. 

Malaria. — Tlie intermittent types of malarial fever bear no re- 
semblance to typhoid fever. The onset of the remittent and the estivo- 
autumnal tyj)es, how^ever, may closely resemble the onset of typhoid 
fever. Chills may be absent and a fever with slight remissions and 
increasing in severity may mark the first few days. Malaise, prostration, 
headache, coaled tongue and diarrhea are common. There is a low 
leukocyte count and an early enlargement of the spleen. Differentia- 
tion can be made only by blood culture to isolate the typhoid bacillus 
and by the examination of the stained smear for the plasmodium. The 
estivo-autumnal parasite may not be found in the circulating blood for 
several days. 

There is no such clinical entity as tyx>homalarial fever. The careful 
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studies of Osier in Baltimore, where both diseases prevail, have con- 
clusively proven that such a mixed infection does not occur. In very 
rare cases the two infections ma}^ be concurrent and produce a confused 
clinical i)icture. 

If laboratory aid is not available for diagnosis quinin in full doses 
may be given as a therapeutic test. Quinin has practically no effect 
upon th^ course of typhoid fever. It promptly arrests the fever of 
malaria. 

Typhus Fever — Brill’s Disease. — The confusion of typhoid witli 
typhus fever until the middle of the last century shows how closely these 
two disc^ases may resemble each other. Tyy)hus fever is very rare in 
this couni ry and occurs only under conditions which arouse suspicion 
of its possible i)resence. Typhus begins suddenly with (diills, high fever, 
rapid pulse, great i)rostration, vomiting, severe headache and pain in 
the back and legs. The temperature rises rapidl}^ and readies its maxi- 
mum in four or five days. Delirium and severe nervous symptoms 
begin early. The eruption appears from the third to the fifth day, is 
very abundant, darker in color than the rose spots of typhoid, and 
quickly becomes hemorrhagic. ]Mild cases, sue h as those des(*ribed by 
Brill, may show a (dinic'al course mindi less distinctive than the above. 
Differentiation from ty])hoid by clinical data alone may be impossible. 
Early laboratory tests should always be made. 

Relapsing Fever. — Relapsing fever is a tropical disease, rare in the 
United States. It is distinguished from ty])hoid fever by the sudden 
onset with chill, high fever, nausea and vomiting, pain in the back and 
frequently jaundice. In from five to six days the temiierature falls to 
normal with profuse persi)iration. After an intermission of from a 
week to ten days tliere is a sudden relapse with a reiietition of the symp- 
toms of the first i)aroxysni. Positive diagnosis is made by the demonstra- 
tion of the spirochetes in the blood. 

Cekeurospinal Fever. — Some eases of this disease with gradual on- 
set may bo mistaken for typhoid fever. The temperature rises slowly 
but irregularh^ Headache is severe, vomiting is fre((uent and eonsti- 
pation marked. By tlie tliird or tifth day distiiietively meningeal symp- 
toms — rigidity of the ncek, a positive Kernig’s sign, and hyi)erestbesia — 
appear. A rash, aj)peariiig first on the abdomen, oc(*nrs in some cases 
on the third or fourth day. It is petecliial in charaeter, and quite dis- 
tirn-t from the rose rash of typhoid. On the other hand, certain cases 
of typhoid fever with meningeal symptoms, meningoiuphoid, may be 
mistaken for one of the forms of meningitis. Cases of true typhoid 
meningitis with invasion of the meninges by the typhoid bacillus have 
been reported. In doubtful cases the diagnosis must be made by 
laboratory tests. In cerebrospinal fever there is always a high j)olymor- 
phonuclear leukocytosis, from 15,000 to 30,000 per cubic millimeter. 
Ill the presence of symptoms indicating tJie jmssiblc onset of cerebro- 
spinal fever an early lumbar puncture is imperative for curative serum 
treatment, as well as for diagnosis. In cerebrospinal fever the spinal 
fluid is cloudy with iiolymorphonuclear cells containing the Diplococcua 
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intracellularis. In typhoid fever the fluid is clear* In the rare cases of 
typhoid meningitis Eberth’s bacillus may be demonstrated in the fluid. 
In unusually doubtful cases a blood culture may be decisive. 

Tuberculous Meningitis. — Tuberculous meningitis, with its premoni- 
tory stage of vague symptoms and its slow onset, may present a still more 
difficult problem. The white-cell count is low as in typhoid. The spinal 
fluid in both diseases is clear and the tubercle bacillus is difficult to 
demonstrate. If a blood culture is available an early positive diagnosis 
may be made. In certain cases with a negative blood culture and with 
other confusing laboratory data, a differential diagnosis must be made 
from the clinical findings. In tuberculous meningitis the fever is very 
irregular in its course and not high. The pulse is often slow and 
arrhythmic. Vomiting, repeated several times during the first few days 
of the illness, is present in practically every case. It is often of the 
explosive type and comes at irregular intervals without adequate ex- 
citing cause. It is one of the most significant symptoms of the onset 
of the disease. There are present obstinate constipation and retraction 
of the abdomen, alternate flushing and paling of the face or extremities, 
rigidity of the neck, positive Kernig and Babinski signs, irregular pupils 
and local palsies. Stupor and coma develop comparatively early, with- 
out high fever or toxemia. As these distinctive symptoms are often of 
tardy development a diagnosis may not be possible in the first week. 

Meningitis due to the jmeumococcus, streptococcus, etc., is recog- 
nized by the demonstration of these organisms in the spinal fluid. 

Trichiniasis. — Outbreaks of triehiniasis have been considered at 
first to be outbreaks of typhoid fever. In isolated cases mistakes are 
even more likely to occur. Triehiniasis is rather rare in this country 
and the possibility of the disease does not at once come to the mind of 
the average practitioner in the diagnosis of an acute febrile malady. 
Cases may readily be mistaken for typhoid fever. The onset, however, 
is sudden in triehiniasis. The fever is irregular in type. Usually it 
is remittent or intermittent; occasionally it is continuous. There are 
severe muscular and joint pains. The muscles are very tender, swollen 
and indurated, and the skin over them often edematous. Edema of the 
face, particularly of the eyelids, appears early. Abdominal pain and 
diarrhea are common. A white blood-cell count will determine the diag- 
nosis. As first shown by Thomas K. Brown, of Baltimore, there is in 
triehiniasis a leukocytosis, lO^OOO to 25,000 white blood-cells per cubic 
millimeter, with the remarkable finding of from 20 to 30 per cent 
eosinophils. A history of the ingestioi: uncooked pork can usually 

be obtained. 

Diagnosis of Typhoid Fever in the Second and Third Weeks 

This problem is most frequently presented to the hospital attendant 
and the consultant. The hospital attendant rarely sees typhoid fever 
in the first week. The disease is usually well under way before the pa- 
tient is admitted. The consultant also is not often called until the seri- 
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ous symptoms of the fastigium cause anxiety, or the absence of dis- 
tinctive clinical signs has raised a doubt as to the diagnosis of typhoid. 

In the second week the characteristic clinical signs of typhoid fever 
appear. The rose rash comes out from the 8th to the 12th day, and the 
enlarged spleen can be demonstrated about the same time. These two 
jihenomena, with the history of gradual onset, continued fever with 
slow pulse, right iliac tenderness, diarrhea and nervous symptoms are, 
with rarely an exception, conclusive. 

Cases entering the hospital seriously ill, unable to give a history 
of the previous course of the disease, with symptoms atypical in char-* 
acter or masked by complications, are often very puzzling and require 
comx)lete clinical and laboratory investigation for their differential 
diagnosis. 

The Widal reaction, the leukocyte count and the blood culture all are 
available at this period and a positive diagnosis by these methods can 
quickly be made, with only an occasional exception. 

Differential Diagnosis. — Most of the diseases that must be consid- 
ered in the early diagnosis of typhoid are eliminated by tjic sec^ond 
’week of the fever. Diseases which earlier presented symptoms suggestive 
of typhoid either end or become distinctly differentiated before this 
time. The diseases most frecpiently confused with typhoid fever at this 
period are the septicemias and hidden localized pus infections, malarial, 
typhus and relapsing fevers, miliary tuberculosis and tuberculous i)eri- 
tonitis, malignant endocarditis, and syphilis. 

Acute Miliary Tuskrculosis. — The differentiation of this disease 
from tyiihoid fever may be very difficult. Either disease may continue 
for an indefinite time with high fever, a general toxemia, and no well- 
defined localizing symptoms. Tuberculosis is rarely recognized or even 
suspected in the first week. Cases usually come up for differentiation in 
the second or third week of the disease, or even later, with a X)resumi)- 
tive diagnosis of typhoid fever made from clinical data. Some irregu- 
larity in the course of the disease or some delay in the appearance of 
the expected characteristic signs of tyj/hoid fever raises a doubt in the 
mind of the attending physician as to the correctness of the diagnosis 
and calls for a review of the diagnostic data. 

Acute tuberculosis may show the same gradual onset as typhoid 
fever, with chilliness, malaise, general muscular pains, headache, nose- 
bleed, cough, oci<:*asional vomiting and diarrhea. In miliary tubercu- 
losis the temperature is more often irregular and shows wide oscilla- 
tions. The pulse is rapid, not dicrotic, and follow^s the temperature 
curve closely. The respiration is rapid — a symptom of great significance 
that should always direct attention to the respiratory organs. 

Anorexia is not so marked as in typhoid fever and the tongue remains 
moist for a longer time. The abdomen is flat, gurgling and tenderness 
are absent. Diarrhea is not frequent and the peculiar typhoid stools 
are wanting. There is no rose rash. The spleen may be palpable as 
in typhoid. Pulmonary hemorrhage is distinctive of tuberculosis; in- 
testinal hemorrhage distinctive of typhoid. 
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Repeated and careful physical examination of the chest may reveal 
the signs of early pulmonary disease. An rr-ray may be of value. Com- 
plete laboratory tests should settle the diagnosis. A low white blood- 
cell count is found in both diseases. Tubercle bacilli in the sputum 
clinch the diagnosis of tuberculosis. A positive Widal reaction and a 
positive blood culture distinguish typhoid fever. 

Tuberculocs Peritonitis. — This disease pursues a long, febrile 
course with abdominal symptoms, and may closely resemble typhoid 
fever. The fever is usually not high and is remittent or intermittent in 
character. The pulse is rapid. Abdominal pain and tenderness, disten- 
tion and diarrhea may be present in tuberculous peritonitis. The 
severe toxemia and the nervous symptoms distinctive of typhoid fever 
are not seen in peritonitis, excej>t possibly very late in the disease. 
Sooner or later masses in the abdomen, or ascites, reveal the nature of 
the disease. The Widal reaction and blood culture are positive methods 
ot differentiation; the tuberculin test may be of additional value. 

IMAiiiGNANT Endocarditis. — The typhoidal tyi>e of malignant endo- 
carditis is a close counterfeit of typhoid fever. It is characterized by 
high fever of a remittent or continuous type with few or no definite 
localizing syrajitoms. The toxemia is severe and the patient soon falls 
into the typhoid state with dry tongue, delirium and picking of the bed 
clothes. Confusion with typhohl fever is increased by the frequent 
enlargement of the spleen, by the presence of petechite, and of a mild 
bronchitis. The abdominal symptoms of typhoid may be simulated by 
a complicating colitis with distention. 

The cardiac signs in endocarditis may be vague, or* a systolic mur- 
mur may be at1ribut(*d to an old valvular lesion. A systolic apex mur- 
mur is not infrequently found in the late stage of typhoid. A tachy- 
cardia is always found in endocarditis but is only suggestive, as it is 
not uncommon in the late period of typhoid fever. 

A diagnosis without laboratory data is usually im])ossible. Leukocy- 
tosis is suggestive but does not rule out typhoid. A positive Widal is 
strongly presumptive of typhoid. Blood culture gives the only decisive 
evidence. Either the typhoid bacillus or the organism of the endo- 
carditis may be found. 

Syphilis. — The pyrexia of syphilis may be mistaken for typhoid 
fever. A jnu'iod of continued fever, mild or severe, without localizing 
symptoms, may occur in any stage of syjihilis and in the absence of a 
history of luetic infection may prove very puzzling. The author recalls 
two cases observed before the Widal and Wassermann reactions were 
knowTi, which were thought to be typhoid, until the distinctive signs of 
syphilis appeared. General adenopathy is very suggestive of syphilis. 
Involvement of the postcervical and epitrochlear glands is of particular 
significance. The history of nose-bleed, diarrhea with abdominal symp- 
toms, the scattered rose spots on the chest and abdomen and enlarged 
sx^leeii, point to tyiihoid. The laboratory findings will positively dif- 
ferentiate the two diseases. The positive findings in syphilis are leukocy- 
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tosis and a positive Wassermann reaction. In typhoid the leukopenia, 
the positive Widal and the recovery of the typhoid bacillus by blood cul- 
ture are decisive. 

Diagnosis in Cases of ProtjOnged Pyrbixia in Which Typhoid Fever is 

Suspected 

Occasionally the practitioner is confronted with the problem of the 
differential diagnosis of a prolonged pyrexia that has been classified as 
typhoid fever from clinical findings; or, during the course of such a 
pyrexia otherwise classified, the question arises, Is this a case of typhoid 
fever? The problem may be very difficult of solution, especially in the 
absence of a clear history of the onset and course of the disease. Late in 
tyjfiioid distinctive clinical signs may disappear, or may be overshadowed 
by the symptoms of complications. The rose spots, so important in bed- 
side diagnosis, usually fade in the third week. The enlargement of the 
spleen often subsides and the diarrhea and abdominal symptoms may 
disappear. A rapid, small pulse takes the place of the slow dicrotic 
pulse of the first and second weeks. The temperature curve loses its 
continued type, and sharp rises or intermissions occur. The nervous 
symptoms and the great prostration and wasting are common to all 
pyrexias of long duration. The laboratory findings, also, may be uncer- 
tain. Late in typhoid a leukocytosis due to various complications is 
quite frequent. The percentage of positive blood cultures is reduced. 
The agglutination reaction, on the other hand, is usually positive, but' 
the frequency of antityphoid vaccination at the present time takes away 
some of the value of this sign. The isolation of the typhoid bacillus from 
the urine and feces is of distinct practical value if the possibility of a 
chronic carrier can be excluded. 

Influenza, tuberculosis, malignant endocarditis, septicemia from 
hidden foci of suppuration, malaria and syphilis are the common in- 
fections which may cause a prolonged pyrexia mistakable for typhoid 
fever. The differential diagnosis of these conditions from typhoid has 
been fully considered. 

Pernicious anemia, leukemia and Hodgkin’s disease, carcinoma and 
sarcoma of different organs, and cirrhosis of the liver may be marked 
during their progress by periods of pyrexia that may bring to mind 
the possibility of typhoid fever. The prolonged jiyrexia of indefinite 
etiology that is not infrequent in children may bring up the same ques- 
tion. The mere mention of these causes of i>yrexia will suggest the 
lines of investigation to be followed. A painstaking review of the his- 
tory of the onset and course of the disease, a searching physical examina- 
tion and a careful analysis of laboratory findings will rarely fail to 
lead to a definite conclusion. 

In all of these conditions the isolation of the typhoid bacillus from 
the blood, urine or feces may be the only deciding evidence. 
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Fig. 8. — Chabt in Moderately Se\^e Infantile Typhoid Fever, 

Temperature curve modified by baths. 0, sponge baths; X, tub baths. Patient aged 9 months. (Personal observation.) 
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Diagnosis of Typhoid Fever in Infancy 

Typhoid fever is so rare in infancy that it is usually the last disease 
considered in the diagnosis of an acute febrile disease. It should be 
borne in mind that infants often have temperature of a few days’ dura- 
tion without the distinctive or localizing symptom’s that make a diagnosis 
possible. Under such circumstances the possibility of typhoid fever 
should always be considered. Only by careful analysis and exclusion 
and the early resort to laboratory aids can the cause of such a fever be 
determined. 

The diseases of infancy which typhoid fever may simulate are the 
eruptive fevers, particularly measles or smallpox; acute indigestion 
with fever; pneumonia; meningitis; otitis media; pyelitis; acute tuber- 
culosis; malaria and influenza. 

The usual problem iiresented by an infant with typhoid is to explain 
a persistent high fever with no distinctive or localizing associated symp- 
toms. 

In the er^iptive fevers the appearance of the rash serves to clear 
up the diagnosis. The first few days of the onset of typhoid fever 
may closely simulate the fever of an acute digestive disturbance. 
The moderate fever, loss of appetite, occasional vomiting and one 
or two abnormal stools a day with abdominal pain and tenderness make 
a close counterfeit of an attack of indigestion. This condition is so 
common, particularly in artificially fed infants, that it is usually the 
explanation first considered. Typhoid fever should be suspected if 
the symptoms jjersist after the administration of an efficient cathartic 
and reduction in the food intake. An actual increase in the fever and 
other symptoms is not infrequently noted in typhoid fever after a brisk 
cathartic. A blood culture is the only method of making a positive 
diagnosis in the first w^eek. Tit the case illustrated in Fig. 8, a posi- 
tive diagnosis was made on the fifth day by blood culture. A white 
blood-cell count of 5,000 or 6,000 would strongly indicate typhoid. 
The chara<dcristic rash on the seventh and eighth day should be care- 
fully sought. When present it clinches the diagnosis. A positive Widal 
is equally distinctive, but unfortunately is rarely present before the 
second week of the disease. In the absence of these positive findings the 
persistence of the fever and other symptoms beyond a week render the 
diagnosis of typhoid almost a certainty. 

l^rimary pneumococcus pneumonia may closely resemble typhoid. 
Pneumonia in the infant is usually preceded by an upper respiratory 
tract infection with trifling or no rise of temperature. The invasion of 
the lung is marked by a sharp rise of temperature, rapid respiration, 
short, suppressed, painful cough, prostration and somnolence. The 
leukocyte count is uniformly high — 15,000 to 25,000. The physical signs 
of impending or actual consolidation should be manifest in two or three 
days. The referred abdominal pain and tenderness often noted in pneu^ 
monia in the young patient may be a very confusing symptom. With 
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the respiratory type of typhoid only a blood culture would make an 
early differential diagnosis possible. 

Malarial infection is common in infants in malarial districts and 
will be distinguished from typhoid fever by the temperature curve. The 
persistent high temperature of tyi)hoid is rarely seen in malaria. 
Marked daily remissions or an irregular curve with the temperature 
reaching normal at some time during the twenty-four hours is dis- 
tinctive of malaria. The demonstration of the plasmodium in the blood 
is final. In the absence of this positive laboratory finding the adminis- 
tration of full doses of quinin is a therapeutic test of great value. The 
course of typhoid is uninfluenced by the drug ; malarial fever promptly 
yields to it. 

Otitis media is a frequent complication of typhoid fever in infants, 
even in the first week, and when the drums are found injected in the 
routine examination for diagnosis this may be thouglit to be the primary 
disease. Incision may be followed by temporary abatement of the fever, 
but it quickly regains its former height. 

As in the adult, general iuhercidasis of the infant may show a 
course which renders a differentiation from typhoid fever on tthe 
basis of symptoms alone impossible before the aj)pearance of physical 
signs in the lungs, peritoneum or other organs. Only the demonstra- 
tion of typhoid bacilli in the blood or excreta, or a positive Widal, will 
clear up the doubt. The tubercle bacillus may be demonstrated in the 
secretion from low in the pharynx, and is conclusive. A positive von 
Pirquet skin reaction is strongly suggestive of tuberculosis. 

The onset of typhoid fever may be marked by nervous symptoms 
suggesting meningism or meningitis. These symptoms are usually 
atypical, and a close analysis will show only an imperfect picture of 
meningitis. The retracted abdomen, rigid neck, positive Kernig sign, 
slow arrhythmic pulse, irregular respiration and coma of meningitis are 
practically never seen in tyy)hoid. An early lumbar puncture is essen- 
tial to the definite diagnosis and proper treatment of meningitis and 
should be made on the appearance of the first symptom suggesting 
meningeal infection. This, with the routine laboratory tests for typhoid 
fever, should settle the question of diagnosis. 

During an epidemic of influenza, typhoid fever might be mistaken 
for this disease. Persistence of symptoms beyond the usual time for 
defervescence of influenza should arouse suspicion and suggest labora- 
tory aid. Leukopenia is a characteristic of both diseases. Blood cul- 
ture and the agglutination test may be the only certain means of dif- 
ferentiation in the absence of rose spots, enlargement of the spleen and 
abdominal symptoms. 

. Pyelitis in infancy causes a continued fever with no localizing symp- 
toms and may be mistaken for typhoid fever if the routine examination 
of the urine is neglected. The demonstration of pus in the urine will 
clear up the diagnosis. 

It should be emphasized that a diagnosis of typhoid fever in the 
infant is not justified, regardless of the course of the fever, unless the 
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positive clinical signs of rose spots, splenic enlargement and abdominal 
symptoms, or a positive blood culture or agglutination test are present. 
On the other hand it is believed by many pediatricians that many febrile 
attacks of short duration in the young would be proven to be mild or 
abortive typhoid fever if laboratory methods of diagnosis were more 
frequently employed. 

Laboratory Diagnosis 

The diagnosis of typhoid fever in the hospital is usually a laboratory 
matter and is accomplished earlier than would be possible on the basis 
of a study of the symptom -complex. Unless the clinician resorts to the 
laboratory, he must wait until well along into the third week of the 
disease before he is able to say positively that he is dealing with even 
a typical case of typhoid fever. This is true even when a good history 
is obtainable — which is often imi>ossil)le. When we consider the great 
variation in symptoms and signs which the Bacillus typhosios produces 
we can say without fear of being too dogmatic that no diagnosis of 
typhoid fever should be made on purely unsupported clinical evi- 
dence. The diagnostic laboratory methods in typhoid fever may be 
grouiied in the order of their importance and usefulness under five 
heads : 

1. The blood culture. 

2. The Widal reaction. 

3. The blood examination. 

4. The isolation of the bacillus from the stool. 

5. The diazo-reaction, and other urinary findings. 

Blood Culture, — The t(*chnic of making the blood culture is described 
in detail in the section on Bacteriology of Typhoid Fever (p. 472). It 
should be borne in mind that the earlier in the disease the blood culture 
is taken the greater is the chance of success, and that if two or three 
trials are made on those cases which are at first negative, the i)ercentage 
of successes is very high. If strict attention is paid to the important 
details such as the use of a sufficient amount (10 c.c.) of blood, well 
diluted in bile-broth, the great majority of cases will be positive at the 
first trial during the course of the first/week. Blood cultures obtained in 
paratyi)hoidal infections are somewhat more uncertain, the bacteria ap- 
parently existing in the peripheral circulation for a shorter period in 
the course of the disease. The typhoid bacillus may be isolated from a 
blood-clot, and if no material for making a culture is at hand a positive 
result may be obtained by drawing a small amount of blood in a well- 
boiled syringe and delivering it into a small, well-boiled test-tube tightly 
corked with a sterile cork. The test-tube may then be mailed to a dis- 
tant laboratory and there examined. The vacuum tubes furnished by 
clinical and public health laboratories for collecting blood for the Was- 
sermann reaction may be used for this purpose. In small children the 
drawing of blood for culture under aseptic conditions is often difficult 
and sometimes impossible. The jugular vein can usually be made large 
enough to enter by compressing the space above the clavicle with a gauze- 
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pad and getting the child to cry. Sometimes the vein at the internal mal- 
leolus can be used. These failing, probably the next best method is care- 
ful sterilization of the skin of the' ear or great toe and, after a punc- 
ture wound with a sterile instrument, the withdrawal of 1 or 2 c.c. of 
blood into a sterile Wright capsule, and the subsequent isolation of the 
bacillus from the clot. Failure to enter the vein of an adult is extremely 
rare, and one should not cut down upon an arm vein for the purpose 
of a diagnostic blood culture, as the bacillus may be isolated from the 
urine or stool by the second or third week with a little care and trouble. 
Krumbhaar and Smith state that in vaccinated individuals the chance 
of obtaining a blood culture is lessened by about 50 per cent. This dis- 
advantage is of course offset by the fact that vaccinated persons rarely 
contract typhoid fever. 

The Widal Reaction. — The agglutination test for typhoid fever is 
very specific when properly done. Its most frequent real source of er- 
ror is the occurrence of a positive result in an individual recently vac- 
cinated against typhoid fever. In actual practice the most frequent 
source of error in the Widal reaction is to be referred to the use of the 
microscopical method by inexperienced clinicians. Positive reactions 
are frequently reported in this way where they are really nonexistent. 

There are two methods for accomplishing the Widal test. The first, 
which the authors recommend, is the macroscopical or test-tube method. 
They employ the technic given by Gay, using a killed sus- 
liension of ty]fiioid bacilli. Typhoid bacilli from a fresh agar slant- 
are washed off the slant with 0.85 per cent, sodium chlorid solution 
and diluted to make a heavy suspension. The best density is easily 
determined by a trial. The one which the authors use contains 
approximately one billion bacilli per c.c. To this enough formalin is 
added to make a 0.1 per cent, solution. This suspension will keep in- 
definitely and is always ready for use. The serum is drawn from the 
arm- vein with a syringe and allowed to clot in a small test-tube, or it is 
obtained by pricking the finger or ear, and drawn off in a Wright cap- 
sule. After the serum has separated, two dro]>s are delivered from a 
capillary pi pet into the first of a row of small sedimentation tubes. Any 
small test-tube may be used. A test-tube 55x8 mm., tapered at the 
lower end like a centrifuge tube, is convenient. Eighteen drops of 
saline are added to the first tube and the whole mixed thoroughly, 
making a serum dilution of 1 :10. Ten drops from this tube are placed 
in the second tube and ten drops of saline added and the contents mixed. 
This operation is repeated in the third and fourth tubes successively, 
ten drops being thrown away from tube number four after mixing. In 
the fifth tube ten drops of saline are placed for a control. We now have 
serum dilutions of 1-10, 1-20, 1-40 and 1-80. To each tube are now 
added ten drops of killed typhoid suspension made as directed above, 
and the tubes are well shaken. The final dilutions of serum repre- 
sented by the successive tubes are 1-20, 1-40, 1-80 and 1-160, the fifth 
tube containing the same concentration of killed suspension as the 
others, but no serum. The rack is set aside in the incubator for 
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two hours and then in the icebox over night. The positive reactions 
by this method are very clear-cut. The positive tubes are water-clear, 
with a feathery white precipitate collected at the bottom of the tube. 
When the reaction first appears only the first tube may be positive, but 
as the disease progresses the 1 :80 dilution always becomes positive, and 
usually much greater dilutions also give complete agglutination. By 
this method partial and false agglutinalions do not confuse the observer. 
A clear-cut reaction in a dilution of 1-20 is of great value. 

Interpretation of the Widal in vaccinated individuals is subject to 
much uncertainty at present. It is well known that after vaccination 
with a triple vaccine the blood contains agglutinins for a period varying 
from six months to two years or even longer. It has been assumed that a 
rise in agglutinin content in va<'cinated individuals during the course of 
a fever pointed to typhoid, and that such a phenomenon might be re- 
garded as suggestive. Krumbhaar and Smith believe several agglutinin 
determinations in the course of a fever, interpreted in the light of the 
history and the time elapsed since vaccination, to be of value. Fennel 
basing his opinion upon intercurrent infections occurring in vaccinated 
men and officers at the Army Medical School, believes that fluctuations 
either way in the agglutinin content may be sudden and without ap- 
parent cause and may occur in healthy individuals, as well as in those 
sick of diseases other than typhoid. It is necessary to state that, at the 
present stage of our knowledge, the use of the Widal reaction as a diag- 
nostic aid in vaccinated individuals has lost much of its value. What- 
ever may be discovered in the future regarding the use of the Widal 
in the diagnosis of typhoid in vaccinated i)ersons, it is probable that 
the great simplicity of the test, on which has rested its strongest claim 
to usefulness in the past, will be destroyed, and a more highly tech- 
nical method requiring standardized cultures and several applica- 
tions in the course of the disease will have to be applied. The authors 
believe that an often repeated Widal reaching its maximum between 
the sixteenth and twenty-first day and then gradually diminishing, in 
a vaccfinated individual, is of distinct positive value. On the other 
hand, it must be remembered that infection as well as revaccination 
often retards and even supijresses the formation of agglutinins, mak- 
ing for a negative finding or an irregular curve of no negative signifi- 
cance. Usually a standard strain of a typical Bacillus typhosus is all that 
is necessary, but occasionally the serum of a patient will react to one 
strain and not to another. It is advisable to have as many different 
strains as possible at hand so that several may be tested in the event 
that one gives negative results. Cultures recently isolated from typhoid 
fever cases are apt to be inagglutinable. Gay and Claypole have shown 
that cultivation on special media may render a strain inagglutinable, 
but that if animals are immunized to these inagglutinable strains their 
serum acquires the power to agglutinate these bacteria readily. Bull 
and Prictchett have been unable to duplicate Gay and Claypole ’s results. 

Another method in more general use but in the authors’ opinion less 
reliable in any but expert hands is the microscopical method. Serum 
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dilutions are prepared as for the macroscopical method, usually of only 
one strength (1-20), and a platinum loopful of the serum dilution 
mixed with a loopful of bacillary suspension on a coverglass. This 
is inverted over a hanging-drop chamber and the edge brought into 
focus with the low power under the microscope, using artificial light for 
illumination. The high power is then switched on and the hanging-droi^ 
carefully inspected. There should be a uniform distribution of many 
actively motile bacilli in the field. In one hour cluminng should be 
eomidete, in a positive serum, with all the bacteria collected into large 
masses and the rest of the drop entirely free of bacilli. Care must be 
exercised in the preparation of the bacillary susj)ension when using the 
microscopical method. The formalized culture may be used, but the 
authors prefer a young (12 to 18 hour) agar culture of Bacillus tijpho^ 
sus. A loopful of culture is rubbed up carefully with a little salt-solu- 
tion in a small test-tube, the wire being rubbed against the side of the 
tube above the level of the fluid and rinsed down by tii)ping the tube, 
to prevent the jmesence of clumps. The suspension for the microscopi- 
cal method, mixed with an equal quantity of saline, should be placed 
in a second hanging-drop chamber as a control at the time the examina- 
tion is made, and examined side by side with the scrum dilution prepa- 
ration. At the end of an hour the bacteria in the control should be 
actively motile and uniformly distributed throughout the field, as at 
the beginning. 

There is some difference of opinion regarding the value of the Widal 
reaction as a diagnostic test in the paratyjjhoid fevers. The following 
facts analyzed by Gay should be borne in mind: 

1. As TO Typhoid Fever. — If a serum agglutinates the Bacillus ty- 
phosus better than it does either the paratyijhoid A or paratyphoid B 
organisms the disease is not paratyphoid but typhoid fever. If either of 
the paratyphoid organisms is agglutinated in a higher dilution than the 
Bacillus typhosus, the disease may still be typhoid fever. From eight 
to ten per cent, of typhoid cases agglutinate one or both of the para- 
typhoid organisms to a greater or lesser extent. Group agglutinins are 
more likely to be present in typhoid fever than in paratyphoid fever. 
For this reason a typhoid serum may agglutinate a paratyphoid organism 
even better than the typhoid bacillus. Vaccination against tyi>hoid fever 
is said to produce a positive reaction to the typhoid bacillus more often 
than to the para organisms. Therefore, in vaccinated individuals, a 
positive reaction to para organisms is of more value than a positive 
reaction to the typhoid bacillus. 

2. As TO Paratyphoid Fever A. — Para A is less agglutinable than 
para B. A positive reaction to para A at ordinary dilutions is of more 
significance than a positive fo para B. Agglutination in a dilution as 
low as 1-40 is of significance in para A infections but is of no value 
in para B. Para A serum may agglutinate the typhoid bacillus and 
BclcUIus paratyphosus B — the former more frequently. 

3. As TO Paratyphoid Fever B. — Bacillus paratyphosus B is easily 
agglutinated, and low dilutions are of no significance. To be of 
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diagnostic value dilutions of serum for para B agglutination should be 
high^ 1-1000 or even higher. The serum of para B cases less frequently 
gives group agglutinins for Bacill%ts typhosus, and for Bacillus para- 
typhosus A. Therefore a positive para B reaction in high dilution is 
of considerable value in diagnosis. On account of the ready agglutin- 
ability of para B a negative reaction in ordinary dilutions (1-80) is 
presumptive evidence against para B infection. 

These statements should be regarded merely as representing an 
average opinion and should not be applied too strictly as criteria upon 
which to decide a particular result. 

Blood-count and Differential. — Typhoid fever produces a rapid and 
rather marked anemia. There is evidence, ascertained at autopsy, of 
red-cell destruction. Usually the hemoglobin i^er cent, and the red- 
cell count fall, but often a severe diarrhea causes the apparent cell- 
count to remain constant on account of loss of fluid. There is not a 
profound hemolysis as in streptococcus infections, with the development 
of hemolytic icterus, but a more gradually progressive anemia through- 
out the disease. Added to the red-cell destruction, as evidenced by the 
intense pigmentation of the spleen found at autopsy, there is undoubt- 
edly a defective formation of blood-cells due to the bone-marrow injury. 

The most characteristic findings are the leukopenia and absence of 
eosinophils manifested as soon as the disease is well established. For 
the first few days we may have a mild leukocytosis up to 12,000, but 
very soon the total white-cell count drops to 5,000 or less, with a rela- 
tively great diminution of the polymorphonuclears and a relative increase 
in the number of large lymphocytes. This sudden marked diminution of 
leukocytes in a febrile affection is restricted to typhoid, miliary tubercu- 
losis, tuberculous peritonitis, malaria and influenza; but it is more 
regularly of value as a diagnostic aid in typhoid than in any of the 
other diseases. This phenomenon is very valuable in differential diag- 
nosis. Cases of typhoid fever often have an onset strongly suggestive of 
acute inflammatory conditions in the abdomen, such as cholecystitis and 
appendicitis, and the blood-count here is of great assistance. The con- 
dition which resembles typhoid fever more closely than any other, 
perhaps, is miliary tuberculosis with beginning meningeal involvement. 
In this disease a moderate leukocytosis is the rule. Army experience 
has shown that typhoid vaccination gives rise at times to acute abdominal 
pain and vomiting, closely simulating appendicitis, clinically, and here 
again the blood-count prevents many unnecessary operations. On the 
other hand, the tendency of typhoid vaccination to light up slumbering 
infections is well known, and some of these cases following typhoid vac- 
cination are true appendicitis and need prompt surgical intervention. 
The blood-count usually decides this point, but it should be remembered 
that a sharp rise in the number of leukocytes may appear as a result 
of the vaccine injection. J. Wheeler Smith, Jr., showed that an average 
leukocytosis of from 11,000 to 12,000 was the rule within twenty-four 
hours of an antityphoid vaccination. 

The blood-count may also be valuable in giving warning of inter- 
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current pneumonia due to other organisms than the typhoid bacillus, 
although the response is usually not as decisive as in primary pneumonia. 
Perforation usually does not stimulate a leukocytosis in typhoid fever 
proportionate to the severity of the peritonitis, and the leukocyte in- 
crease following hemorrhage is feeble. 

The depression of the leukocyte count in typhoid fever is probably 
due to the involvement of the bone-marrow with multiple focal necroses 
first described by Longcope. 

Examination of the Stool. — The stool in typhoid fever is usually 
of the thin, watery variety. Sometimes considerable free fat is recog- 
nizable, due to the diarrhea accompanying a diet containing a large 
proportion of milk. After the diagnosis of typhoid fever has been 
made, the stools should be examined daily for the presence of occult 
blood. A strong occult blood reaction gives warning of bleeding from 
the bases of the intestinal ulcerations, and measures may be instituted 
to ward off more serious hemorrhage. The daily occult blood test of 
typhoid stools should be routine, at least in hospital practice. There 
are several good methods of procedure. One of the simplest of the 
reliable methods is the modification of the beiizidin test as described by 
Warren Vaughan. 

A quantity of stool equal to about % gram is placed on a white 
card, as, for instance, a calling-card, and to this a few drops of equal 
parts of freshly prepared glacdal acetic acid solution of benzidin and 
hydrogen peroxid is added. A strong reaction shows a brilliant blue, 
fading off to pale green shades for smaller traces of blood. This method 
is quick of execution, and there is no glassware to be cleaned up after- 
wards, because the white card is thrown away and incinerated. If one 
is not certain of a fresh, active hydrogen peroxid reagent a more certain 
test is the benzidin perborate test of Dudley Roberts, furnished in tablet 
form ready for use by Squibb & Sons. The tablets contain benzidin and 
sodium perborate. The tablet is moistened with the specimen to be 
examined and a drop of glacial acetic acid added. The tablet turns 
blue or green in the presence of blood. 

The bacteriological examination of the stool in typhoid may have 
either of two purposes. First, it may be used as a method of finally 
clinching the diagnosis in a case where attempts at blood culture have 
been made too late in the course of the fever. Second, and most im- 
portant, is the application of the bacteriological examination of the 
stool in convalescent cases, to determine when it is safe to discharge pa- 
tients and to allow- them to mingle freely with the population at large. 
Nothing is plainer from the point of view of public health than that 
negative stools should be required before discharging a typhoid patient, 
just as negative throat cultures are required in diphtheria. If this 
practice were efficiently carried out the importance of protecting the 
water supplies would be correspondingly lessened. 

The methods for the detection of Bacillus typhosus in stools are fully 
detailed in the section on Bacteriology. They are not difficult, with a 
little experience, but require a fairly well equipped laboratory. In pri- 
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vate practice the stool samples may be collected in screw-capped sputum 
bottles, such as are used for mailing sputum samples, and sent to distant 
laboratories for examination. Teague and Clurman have pointed out 
that while the typhoid bacillus tends to be overgrown and to disappear 
from old samples of stool which are not examined promptly after being 
passed, the addition of 30 per cent, glycerin to the sample preserves the 
typhoid bacillus and allows the examination of the specimen after several 
days. One part of stool is thoroughly mixed with 2 parts of 30 per cent, 
glycerin, prepared by adding glyceidn to sterile 0.6 per cent, sodium 
chlorid solution. As already mentioned, the chance of isolating the 
Bacillus typhosus from the stool is greatest in the third week of the 
disease, except that Krumwiede reports that in paratyphoid A infec- 
tions the successes arc greatest during the first week. It should be 
remembered that paratyphoid A has a greater resistance to brilliant 
green than the other members of the series, and Krumwiede reports the 
examination of a regiment for paratyphoid carriers where the brilliant 
green agar was directly standardized against the known offending strain, 
thus greatly lessening the labor of several hundred examinations. 

Urinary Findings. — There are no (characteristic findings in the urine 
in typhoicl fever. Albuminuria is occasionally present, usually associ- 
ated with a typhoid bacilluria. Indicanuria is common. Bile in the 
urine is rare. Polyuria is occasionally present in convalescence. The 
significance and importance of typhoid bacilluria, and the method of 
detecting typhoid bacilli in the urine have already been discussed. 

The most important urinary finding in typhoid fever is the diazo- 
reaction. The exact substances which give the diazo-reaction are not 
known, but in several diseases abnormal aromatic bodies are eliminated 
in the urine, which react with diazo-compounds to give a characteristic 
color reaction. The opinions regarding the value of the diazo-reaction 
in the diagnosis of typhoid fever differ widely. It is necessary to keep 
in mind several limitations to which the test is subject. The diazo- 
reaction is found o(Hiasionally in several diseases, in diphtheria, erysipe- 
las, pneumonia, scarlet fever, tyjihus, cachectic states such as cancer, 
cirrhosis, syphilis, malaria and grave anemias. It occurs also as a result 
of poisoning from certain drugs such as chrysarohin, guaiaeol, phenol 
and opium. The reaction is obtained quite constantly in typhoid, severe 
tuberculosis, and in measles. The following analysis as given by Todd 
covers the subject well. The reaction is obtained in practically all cases 
of typhoid fever in the appropriate stage of the disease, usually between 
the fourth and foiirtecmth day. It thus appears earlier than the Widal 
and tends to disappear about the end of the second week. It is more 
frequently positive in diluted urines in typhoid than in any other of 
the diseases which occasionally show it. According to Todd it may be 
present in typhoid in a dilution as great as 1 to 50. It reappears during 
a relapse, thereby helping to distinguish a relapse from a complication. 
Certain drugs often given in typhoid interfere with or prevent the 
reaction, namely: creosote, tannic acid and its compounds, opium and 
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its alkaloids, salol, phenol and the iodids. The test is accomplished 
as follows : 


(1) 

Sulphanilic acid . . . . 

. 1.0 

gram 

(15.5 grains) 


Concentrated HCl . . . 

10.0 

c.c. 

( 2.71 fl. drains) 


Water 

200.0 

c.c. 

( 6.76 fl. ounces) 

(2) 

(Must be freshly prepared.) 




Sodium nitrile 

0.5 

gram 

(7.716 grains) 


Water 

100.0 

c.c. 

( 3.38 fl. ounces) 

(3) 

Strong ammonia 




Mix 

100 parts of (1) with 

one part of 

(2). 

Place equal parts of 


this mixture and of urine in a test-tube, and pour 2 e.e. (33 minims) 
of ammonia on the surface. A pink or red foam on shaking <lenotes a 
positive reaction. 

It would seem that this test has a certain value if considered as a 
symiitoni in conjunction with clinical findings. If the time limits 
of its appearance are remembered — fourth to fourteenth day — the lia- 
bility of its being present in diluted urine, the apiiearance of the test 
about four or five days after the onset, and its disappearance after the 
second week, are valuable scraps of evidence favoring a diagnosis of 
typhoid. Unfortunately the one condition often most difficult to sepa- 
rate from typhoid, namely miliary tuberculosis, often gives a diazo- 
reaction, which seriously lessens the value of the test. 

Weis has offered a substitute for the diazo-reaction which is claimed 
to be more sensitive and of the same significance. This test depends 
upon an increased urochromogen content in the urine. It is subject to 
the same criticism and sources of error as the diazo-reaction. The 
urochromogen test is performed by adding 3 drops of 1-1,000 potassium 
permanganate to 6 c.c. (1.6 fluid drams) of urine diluted 1-3. The 
appearance of a canary yellow color denotes a positive reaction. 

Another substitute for the diazo-test is Russo's methylene-blue test. 
Five drops of 1-100 aqueous methylene blue are added to 5 c.c. of urine 
in a test-cube. A grass-green without a trace of yellow is interpreted 
as positive reaction. In the author’s experience the test is of no value. 
Highly colored febrile urines in general react positively. 


COMPLICATIONS AND SEQUELS 

Typhoid fever is remarkable for the number, variety and gravity 
of its complications. Practically every organ and tissue in the body 
may be the seat of secondary pathological processes that tend to increase 
the severity of the illness, prolong its course and add to its danger. 
Complications, mild or severe, occur in from 25 to 30 per cent, of all 
cases, and are responsible for from 60 to 75 per cent, of all fatalities 
from the disease. Many of the conditions described as complications 
may develop late in the convalescent period or at varying times after 
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recovery from the primary infection appears to be complete. When 
developing in this way those conditions may properly be classed as 
sequela;. To save repetition complications and sequete have been con- 
sidered together. 

Among the important diseases which may develop as sequelse to 
typhoid fever are thrombophlebitis, arterial thrombosis, chronic myo- 
carditis, arterial sclerosis and arterial hypertension; pulmonary tuber- 
culosis and pulmonary gangrene ; perichondritis, osteoperiostitis and 
osteomyelitis; x^eripheral neuritis, hemiplegia and the posttyphoid psy- 
choses; chronic derangements of digestion, prolonged or permanent im- 
pairment of nutrition and anemia. 

The Skin 

The specific eruption of typhoid fever has been described in the 
section on symptomatology. A number of cutaneous lesions may com- 
plicate the disease. 

Erythema. — A seaiiatinifonn erythema is occasionally seen in the 
first week, x>receding the eruption of the rose rash. It is of special in- 
terest at this stage, because of the possibility of mistaking it for the 
rash of scarlatina. It appears as a delicate scarlet rash limited to the 
flexor surfaces, or spread over the entire skin. The eruption fades in 
a day or two and may be followed by a fine desquamation. In severe 
toxic cases a diffuse erythema may apjiear in the third week and, as 
Phillips has shown, a large number of the reported cases showing this 
symptom have terminated fatally. Phillips saw one case of erythema 
multi forme, and Osier has reported a case of erythema nodosum appear- 
ing on the fifteenth day. A case with a morbilliform rash without the 
catarrhal symptoms was seen by Beevor on the third day and another by 
Newman in the third week. 

Desquamation. — Desquamation of the skin is rather frequent. It 
may follow an erythema or sudamina, or it may result from trophic 
changes in cases with high fever. Some remarkable cases of peeling of 
extensive areas of the skin without apparent cause have been reported. 

Sudamina. — Retention of minute drops of perspiration in the epi- 
thelial layer of the skin is common in the third and fifth week in cases 
with profuse perspiration. The eruption is most marked over the chest 
and abdomen. The skin appears to be covered with a multitude of drop- 
lets of water. Desquamation follows. The experience of Phillips con- 
firms the observation of De Lacaze that the appearance of sudamina in 
the third week ushers in the period of convalescence. 

Herpes. — Herpes is a rare skin manifestation in typhoid, in marked 
contrast to the frequency of the lesion in pneumonia and malaria. Dif- 
ferent observers have noted it in the first week in 1 or 2 per cent, of 
eases. Herpes is characteristically present in typhoid complicated by 
meningitis. Urticaria is also a rare condition dependent in some cases 
upon drug administration. A pemphigoid eruption of several small or 
large blebs is occasionally seen. 
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Purpura. — In the third or fourth week, in severe cases, purpuric 
spots may develop over the abdomen or lower extremities, sometimes fol- 
lowing intestinal or other hemorrhage. Superficial sloughing of the skin 
over the hemorrhagic area has been reported. More extensive gangrene 
may occur in the case of greatly debilitated individuals. 

Erysipelas. — Erysipelas is a rare complication of the period of de- 
cline. It runs the usual course, and is not necessarily a serious compli- 
cation. The t^’^phoid bacillus has been found in the affected skin. 

Pus Infections. — Pus infections of the skin are quite common in the 
period of decline and in early convalescence. Impetigo, furunculosis, car- 
buncles, onychia and superficial abscess are the usual forms. Furuncu- 
losis is the most frequent. The lesions are very painful and troublesome 
and are often the cause of recrudescence of the pyrexia. They develop 
most frequently on the back and buttocks. Edsall observe<l a limited 
outbreak in the Pennsylvania Hospital, apparently due to bed-pan con- 
tagion. The streptoc»occus and the staphylococcus are the usual infecting 
organisms. 

Linese Atrophicse. — In young subjects particularly, lines of atrophy 
similar to those seen on the abdomen after pregnancy are occasionally 
seen. They occur over the abdomen, on the outer aspect of the thighs, 
around the ankles and above and below the patella. I’hillips and others 
have described this condition under the term “striae patellans.” The 
lesions involve the true skin and leave permanent scars. 

Bed-sores. — Modern care of fever patients has made bed-sores in- 
frequent. They occur, however, in hospitals wiiere good nursing is the 
rule in about 1 per cent, of the cases. A certain number result from 
neglect before admission. The usual cause is unrelieved i)ressure upon 
the tissues over a bony prominence. Development of the lesion is favored 
by soiled skin and clothing. The enforced quiet following a severe hem- 
orrhage may be a determining factor. The common bed-sore is there- 
fore usually preventible by cleanliness and proper nursing technic. 
Sores occur as a late complication in severe cases with great emaciation. 
They are most frequently seen in the sacral and gluteal regions where 
pressure is greatest and most continuous and where the skin is soiled by 
the excretions. The elbows, heels and the scapular region are less fre- 
quent sites. The sore begins with a persistent area of circumscribed 
redness over the most prominent points of the sacral region. Unless it 
is promptly arrested the epidermis is eroded, the deeper layers of the 
skin are exposed, and a superficial slough forms, with a line of demarca- 
tion. In the more severe cases the process continues, and extensive de- 
struction of soft tissue and bone may result. In severely toxic cases 
with profound disturbance of nutrition the subcutaneous type of bed- 
sore, as it is termed by Curschmann, may develop, even with the most 
scrupulous care of the patient. In this author’s experience it usually 
occurs in the lower sacral region in the depth of the anal fold. The 
process is a subcutaneous necrosis with suppurative softening of the 
connective tissue. It may go on to quite an extent before it is revealed 
to the attendant by alterations in the appearance of the skin. 
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Penpiration. — ^Perspiration is unusual during the period of high 
fever. In the period of decline and in convalescence it is quite common. 
In the secdnd or third week paroxysms of chill, fever and perspiration 
may occur and arouse suspicion of malaria or sepsis. Hemorrhage and 
other complications of this period may be attended by profuse 
perspiration. 

The Hair. — A temporary alopecia occurs after all attacks of severity, 
and the nails show ridges after convalescence, due to impaired nutrition. 
Very rarely is the baldness permanent. 

The Digestive System 

Mouth. — The salivary secretion is diminished and the tongue and 
mouth become dry in proportion to the height of the fever and the 
intensity of the toxemia. Without scrupulous care the tongue, lips and 
gums become covered with dry, brown masses of sordes. Painful cracks 
and fissures may form on the tongue and lips. In neglected cases flakes 
of thrush or a thin pseudomembrane may form on the mucous surfaces. 
The septic mouth may be the center for the extension of secondary in- 
fections to the parotid glands, pharynx or middle ears. Stomatitis with 
superficial ulceration is not infrequent under these circumstances. A 
circumscribed gangrene has been observed. An acute glossitis occurred 
at the onset of a relapse in one of Osier’s series. 

Parotid Gland. — Parotitis is an occasional complication in the third 
or fourth week or a sequel in severe protracted cases. It is due to an 
ascending infection from an oral sepsis to the glands through Steno’s 
duct. In 12,173 cases collected by McCrae, parotitis occurred in 0.7 
per cent. The staphylococcus is the most common infecting organism. 
The typhoid bacillus in pure culture was isolated from a parotid abscess 
by Schudnot and Blachos. The inflammation is usually unilateral, al- 
though both parotids may be infected. The infection may be mild in 
character or of intense virulence. The gland rapidly becomes swollen, 
tense and painful. A chill with a sharp increase of fever may mark 
the onset. Resolution without suppuration takes place in a majority 
of the cases. Suppuration, when it occurs, begins at the proximal end 
of Steno’s duct and extends peripherally. The abscess may point on 
the face or in the external auditory canal or it may open into the mouth 
by way of the duct. It may burrow to the pharynx or along the great 
vessels of the neck into the mediastinum. Necrosis of part of the gland 
may occur. If suppuration impends an early incision is necessary. 
Parotitis is a serious complication of typhoid chiefly because it is a com- 
plication of the severe toxic cases. Reported cases show a mortality of 
about 30 per cent. 

Pharynx. — Occasionally pharyngitis and tonsillitis dominate the 
clinical picture of the onset of typhoid fever and conceal the true nature 
of the infection. Patches of thin pseudomembrane may appear on the 
mucous surface, and in rare cases small, superficial ulcers have been 
noted on the pillars and tonsils. The typhoid bacillus has been recovered 
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from these lesions. Pharyngitis with the same manifestations may com- 
plicate the later stage of the disease. Ouskow, cited by Hare, found 
evidence of pharyngitis in a majority of 439 cases coming to autopsy. 
Rarely invasion of the cervical lymph-nodes and connective tissue by a 
secondary infection may occur, with great swelling and induration of 
the neck. It may terminate in resolution or in suppuration. 

Esophagus. — Inflammatory lesions similar to those in the pharynx 
may be found in the esophagus. Louis and other early writers found 
ulceration of the esophagus of frequent occurrence. Modem observers 
have found it rare. Packard reviewed 5,000 cases, none of which showed 
ulceration. More recent literature contains descriptions of a number of 
cases. Baer cites 10 cases in a collection of 83 cases of typhoid with 
ulceration in unusual sites. In 59 autopsies in Johns Hopkins Hospital 
esophageal ulceration occurred in one case. In one fatal case observed by 
the author (Jennings), showing persistent hiccough for several days 
before death, an ulcer 2 cm. in diameter was found in the esophagus, 4 
cm. above the cardiac orifice. Streptococci and staphylococci are. the 
organisms found associated with the ulceration. The typhoid bacillus 
has not been demonstrated. It seems probable that esophageal lesions 
are late results of oral sepsis. 

Ulceration of the esophagus causes no symptoms that make it recog- 
nizable during life. Dysphagia, hiccough, possibly hematemesis are 
suggestive. 

Stricture of the esophagus is a very rare complication or sequela 
of typhoid. James P. Mitchell describes one case in Osier series and 
quotes two others; one reported by Packard and the other by Summers, 
of Omaha. 

Stomach. — Anorexia is the rule in typhoid fever. The secretory and 
motor functions of the stomach are greatly reduced. The digestive 
ferments are present in reduced amount and free hydrochloric acid is 
either absent or the percentage is reduced. Vomiting is decidedly the 
exception, both at the onset and during the coiirse. Severe and persistent 
vomiting is an occasional complication of the first week. Vomiting may 
take place after the period of onset from indigestion or over-feeding, 
but it is so unusual that it should always suggest the possibility of some 
complication. Nephritis, appendicitis or perforation may be announced 
by vomiting. Hiccough is rare. The author (J. C. Jennings) has 
noted it in one severe case, in which it was apparently a symx)tom of an 
ulcer in the esophagus at the cardiac end. It is also a symptom of per- 
foration. Hematemesis, usually from a gastric ulcer, is a rare complica- 
tion. The stomach may be involved in cases with severe meteorism. 

InteBtines. — Diarrhea, one of the characteristic; symptoms of typhoid 
fever, may attain such severity as to constitute a complication. In the 
local outbreaks from water infection before mentioned, all of the 56 
cases were complicated during the period of incubation and onset by 
severe gastro-enteritis. In many of the cases the diarrhea was replaced 
by constipation after a few days of fever. In others it persisted through- 
out the whole febrile period. Two, at most three, loose movements a day 
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are the limit for a normal course of typhoid. Prom four to ten or^even 
a larger number may take place in severe cases. This excessive diarrhea 
may be due only to the specific ulceration in the ileum. An ileocolitis is 
the usual condition underlying a severe diarrhea. 

Hemorhiiage. — Jn 829 cases of typhoid fever reported by Osier from 
Johns Hopkins Hospital there were 50 cases with intestinal hemorrhage, 
representing 6 per cent. McCrae’s later report from the same hospital 
gives 1500 cases in which 118 cases of hemorrhage occurred, or 7.8 per 
cent. In 23,271 cases collected by McCrae, hemorrhage occurred in 7 
per cent. Typhoid fever developing in vaccinated subjects shows a 
remarkable reduction in the incidence of hemorrhage, as of other com- 
plications. In the series reported by Lieut. Col. Webb- Johnson of the 
British Army, hemorrhage occurred in but 10 out of 821 vaccinated 
cases, representing 1.21 i)er cent., and in 40 out of 297 unvaccinated 
eases, or 13.46 per cent. The percentage incidence is much lower in 
children and up to the thirtieth year, and reaches a maximum from the 
forty-fifth to the fifty-fifth year. Insignificant bleedings manifestly due 
to hemorrhoids or fissures should not be classed with the hemorrhage 
which has its origin in the specific bowel lesions of typhoid fever. 

The complication occurs most frequently in the second and third 
weeks of the disease, rarely before the seventh day. Approximately 20 
per cent, occur in the fourth, and ten per cent, in the fifth week. After 
this time hemorrhage is very unusual. It is a rare complication of 
relapse. The incidence of hemorrhage bears no relation to the severity 
of the disease. It occurs as often in the mild as in the severe cases. In 
the mild ambulatory cases it may be the first symptom to warn the 
patient that he has a serious illness. The hemorrhage may be single 
or several attacks may occur at varying intervals. The amount of blood 
in the discharge varies from a few cubic centimeters to a liter or more. 
In small hemorrhages the blood is mixed with the feces and is darli red 
or black in color, the characteristic tarry stool of an upper intestinal 
hemorrhage. With a profuse hemorrhage, quickly expelled, bright red 
blood may be passed in the fluid state or in clots. When a considerable 
interval elapses between the bleeding and the expulsion of the blood 
from the bowel the blood appears in dark, altered clots. 

The blood in small hemorrhages and in the early stage of the disease 
may come from intensely congested Peyer’s patches and from other areas 
in the intestines. In later hemorrhages the necrotic and ulcerated 
Peyer^s patch is the source of the bleeding. Gay believes that the pecu- 
liar anatomical arrangement of the blood-vessels supplying Peyer’s 
patches, as demonstrated by Professor Evans, of Berkeley, accounts for 
the profuse hemorrhage that may come from an ulcerated Payer’s patch. 
Straight, unbranched arterioles radiate from all sides into the patchy and 
an erosion near the margin may open up simultaneously a large number 
of these vessels. Hemorrhage has been attributed to a variety of exciting 
causes. Injudicious feeding with solid food, tympanites, or physical 
exertion would quite probably precipitate an impending hemorrhage. It 
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has sometimes followed immediately after the administration of a bath 
or an enema. 

A small hemorrhage causes no subjective symptoms. A single large 
hemorrhage, or a succession of small hemorrhages quickly repeated, is 
indicated by the usual symptoms of a sudden large loss of blood. The 
patient feels faint, the face pales, the skin becomes cool and moist, the 
pulse rapid, small and weak, and the temperature suddenly falls. Vom- 
iting may occur. The drop in temperature may be from two to six de- 
grees or more. The author (Jennings) has seen it fall from 105® to 96® 
P. (40.6° to 35.6° C.) and remain at this low point for several hours. 
Occasionally abdominal pain precedt's the bleeding. These symptoms 
may be present for some little time before the blood is passed from the 
bowel. The systolic blood-pressure falls to 80 or 90 mm. Hg or lower. 
McCrae observed the very low pressure of 55 mm. Ilg in one case. The 
hemoglobin content and red-cell count of the blood are low in proportion 
to the severity of the hemorrhage. A leukocytosis often follows the 
hemorrhage. Prom a detailed study of this condition Thayei concludes 
that “intestinal hemorrhage in typhoid may exercise little or no ap- 
parent influence on the number of leukocytes in the peripheral circula- 
tion. Often, however, there is a tendency toward a leukocytosis which 
begins immediately after the hemorrhage, reaching its maximum in from 
twelve to twenty-four hours. In from one or two days to a week, the 
number of leukocytes generally returns to the normal number for the 
period of the disease.’’ 

The effect of the hemorrhage upon the course of the disease will 
depend upon the amount of blood lost and upon the condition of the 
patient at the time of the hemorrhage. Strong, robust patients endure 
the loss of blood well. Indeed, some observers believe that a moderate 
bleeding may have a beneficial influence upon the subsequent course of 
the disease. Gay has suggested that the hyperleukocytosis mentioned 
above may account for the improvement. 

In patients otherwise seriously ill the effect of severe hemorrhage is 
bad, and is often the determining factor in a rapidly fatal issue. In 
cases which recover, the severe anemia predisposes to a complicated and 
tedious convalescence. 

Hemorrhage is a serious complication and always causes apprehen- 
sion. The statistics from various sources give a mortality rate varying 
all the way from 10 to 30 per cent. Without accurate data the cases in 
the author’s personal experience have shown a percentage very near the 
low figure. 

Perforation. — The incidence of perforation in several series of cases 
reported by observers in this country and Europe varies from 2 to 6 per 
cent. In a total of 34,916 cases summed up by McCrae perforation 
occurred in 3.1 per cent. Antityphoid vaccination markedly reduces the 
percentage. In Webb- Johnson’s series of 821 vaccinated cases perfora- 
tion occurred in only 0,36 per cent., while in the 297 unvaccinated cases 
it occurred in 2.02 per cent. It is more frequently seen in men than 
in women. In 661 cases in which sex incidence was noted, 471, or 71 
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per cent., occurred in men. It is unusual in patients over forty years 
of age. The complication is generally spoken of as rare in children, al- 
though among 1,550 cases of typhoid fever in children collected by 
Adams there were 17 cases of perforation, representing 3.09 per cent. 
Of 1,028 cases compiled by Holt 12 cases of perforation were found, or 
1.1 per cent. 

Cases with severe general symptoms give the highest percentage, 
although in mild and moderately severe cases it is almost as great. In 
444 cases collected by Pitz, 200 were mild or moderately severe and 14 
cases belonged to the ambulatory type. 

Statistics from England, Canada and the United States show that 
perforation is responsible for one-third of all the deaths from typhoid 
fever. 

Due to the same underlying cause, perforation, like hemorrhage, is 
a complication of the later weeks of the disease. It is very unusual be- 
fore the tenth day. Accurate figures by Pitz of 193 cases show, first 
week, 4 cases ; second week, 32 cases ; third week, 48 cases ; fourth week, 
42 cases; fifth week, 27 cases; sixth week, 21 cases; seventh week, 5 
cases ; eighth week, 3 cases ; ninth week, 2 cases ; tenth week, 4 cases ; 
eleventh week, 3 cases ; twelfth and sixteenth weeks, 1 case each. 

The immediate cause of the pei'foration is the ulceration and necrosis 
of the intestine. It cannot be foretold or prevented. The final break in 
the bowel wall, however, may be precipitated by excessive tympanites, 
an attack of indigestion, vomiting, or physical exertion. These accessory 
causes are more or less under control. 

Symptoms of Perforation , — The possibility of perforation should be 
constantly in the mind of the physician during the stage of intestinal 
ulceration. Careful inspection of the abdomen should be a part of the 
daily routine examination, and the attendants should be instructed to 
be on the alert for symptoms suggestive of rupture. 

While the onset is usually without premonitory symptoms, certain 
objective and subjective symptoms may be forerunners of the accident, 
Ilemorrage, unusual abdominal pain and tenderness, distention or vom- 
iting may have significance, and should put the physician on his guard. 
In certain cases a localized peritonitis at the site of an underlying ulcer 
sometimes causes pain, tenderness and leukocytosis, which may continue 
for two or three days before the bowel perforates. This condition has 
been termed by Harvey Cushing the ^‘preperforative stage of ulcera- 
tion.’’ As in a case reported by him, these symptoms may disguise a 
perforation when it actually occurs and lead to unfortunate delay in 
diagnosis. 

(a) Sudden Onset. — Sudden, severe pain in the abdomen, tenderness, 
rigidity, vomiting, collapse and rapid pulse are the initial symptoms. 
In a few hours general peritonitis develops. The abdomen becomes more 
distended, pain and tenderness become general over the abdomen, the 
temperature rises, the pulse becomes small and very rapid, respiration 
increased and thoracic in character. A cold, clammy perspiration covers 



COMPLICATIONS AND SEQUELJB3 


533 


the surface, the face is pale and pinched and the patient rapidly sinks. 
Consciousness may be retained to the end. 

(b) Insidious Onset , — The symptoms of perforation may develop 
gradually. The perforation may be small and the escape of the intestinal 
contents slow. There may be but little pain and the symptoms of general 
peritonitis may be latent or absent. In 76 cases mentioned by Fitz the 
oncet in 15 was gradual or latent, and in 5 cases there were no signs of 
perforation. Dieulafoy’s experience led him to state that peritonitis 
from perforation very rarely announces itself acutely with pain and 
marked constitutional symptoms. In severely toxic cases with severe 
diarrhea, abdominal distention and profound nervous symptoms, perfor- 
ation may occur and be revealed only at autopsy. 

The relative frequency of the so-called characteristic symptoms of 
perforation is noted by Finney in 112 operated cases. “Sudden and 
severe abdominal pain was present in 58 cases; collapse, more or less 
severe, in 15 cases; nausea and vomiting in 26 cases; a marked fall in 
temperature in 14. In 9 of the cases the symptoms denoting perforation 
were not marked and came on gradually. In 5 of the cases only, was the 
absence of liver-dullness noted.’' 

The pain is continuous or may be intermittent or colicky in character. 
It is usually referred to the right lower quadrant of the abdomen as 
general peritonitis develops. Or, like the pain of appendicitis, it may 
be general at first and then localized in the right lower quadrant. A 
referred pain in the left lower quadrant has been noted. The pain may 
be most intense about the navel. During the paroxysms the pain may 
be referred to the i^ubis, and with it there may be vesical irritability. 

Tenderness and rigidity are emphatic symptoms, and in the first few 
hours are most marked in the right lower qua<lrant. As general peri- 
tonitis develops, the whole abdomen becomes tense and tender. More 
or less abdominal distention quickly follows and the liver dullness may 
be obliterated. Occasionally the abdomen becomes retracted, with rigid 
walls. Rectal examination should always be made. 

Nausea and vomiting are quite constant symptoms immediately fol- 
lowing the perforation. Vomiting is so rare during the perforation 
period of typhoid fever that it should always arouse the suspicion of this 
accident. Hiccough may be present at this time, but it is more frequent 
and persistent later. 

The pulse quickly changes^ with the onset of the pain. It becomes 
rapid and small, and this quality persists regardless of fluctuations in 
the temperature. In exceptional cases the pulse-rate is unchanged until 
the onset of general peritonitis. A rise of blood-pressure often follows 
the perforation. In obscure cases this finding may be of value in the 
differentiation from hemorrhage. Respiration is quickened, shallow and 
thoracic in- character. 

A sudden, marked drop in the temperature is often a striking feature 
of perforation. The fall in temperature may immediately follow the 
perforation, or it may come later after an initial rise of one or two de- 
grees. The collapse noted at the onset, with cold, moist skin, may be 
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associated with a rise of the central temperature. A chill is a not in- 
frequent initial phenomenon. With the development of general peri- 
tonitis the temperature shows the usual variability observed in this con- 
dition from any cause. 

The leukocyte count is of great interest and may be of conclusive 
importance in diagnosis. A knowledge of the leukocyte content of the 
blood previous to perforation is necessary for a proper evaluation of the 
findings. With this knowledge even a moderate leukocytosis is of great 
significance. Usually an increased count follows the perforation. The 
number of leukocytes rises, rapidly reaching from 10,000 to 15,000 
or higher in a few hours. With the development of general peritonitis 
a sharp fall often takes place, due to the great outpour of leukocytes into 
the peritoneal cavity. This fall may take place within three or four 
hours after the perforation, a fact which emphasizes the necessity of 
hourly counts when perforation is suspected. In some cases no change 
in the leukocyte count takes place. 

Diagnosis of Perforation. — The diagnosis of perforation in typhoid 
fever may be very easy or extremely difficult. With a large perforation 
and copious extravasation into the peritoneal cavity the signs and symp- 
toms of an acute abdomen are emphatic and unmistakable. With small 
perforations, and especially in the case of patients whose sensations are 
blunted by profound typhoid toxemia, the symptoms may be vague and 
misleading. Prompt recognition of the condition is so imperative that 
in doubtful cases every aid to diagnosis must immediately be sought. 
A few hours’ hesitation may remove even the moderate hope which early 
surgical interference offers. The two most valuable symptoms for diag- 
nosis are pain and rigidity. The less sudden the pain is in its develop- 
ment and the less severe it is, the greater the difficulty in diagnosis. 

A number of abdominal conditions may simulate perforation. Ilem^ 
orrhage may resemble it very closely. The sudden fall in blood-pressure 
and the anemia are distinctive of hemorrhage ; alxlominal pain, tender- 
ness and rigidity are not as marked as in perforation. The coincident 
occurrence of hemorrhage and perforation presents a most difficult 
situation. 

IJmc phlebitis may be recognized by tenderness along the course of 
the veins extending down the thigh and accompanied by swelling. 

Appendicitis gives the same clinical picture as perforation and cannot 
be certainly differentiated. Practically this is of little importance as 
the surgical indication is the same in both conditions. Aciite iniestinal 
obstruction from any cause may be very difficult to differentiate. 

The various conditions previously mentioned which excite ab- 
dominal pain may arouse the suspicion of perforation. A small localized 
peritonitis may be especially puzzling. These conditions demand careful 
study. The absence of pulse and temperature changes and grave general 
sjunptoms of perforation are of diagnostic importance. Except in the 
cases of local peritonitis a low white blood-cell count is a valuable dign« 
The great difficulty in diagnosis in these cases is clearly shown by the 
fact that in suspected perforation the abdomen has been opened in our 
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best hospitals, after careful study by the ablest clinicians, and no ade- 
quate cause for the symptoms found. Such exploration, in doubtful cases 
and after full consideration, is justified. 

Peritonitis not the result of perforation is a rare complication, usually 
occurring during the third week of the disease. It may result from the 
rupture of a softened mesenteric gland or of an abscess in any of the 
abdominal or pelvic organs. Migration of organisms through the in- 
testinal wall without gross lesions seems to be the only explanation in a 
number of reported cases. Sudden onset with pain, tenderness, rigidity 
and distention is the rule. Diiferentiation from peritonitis due to in- 
testinal perforation is impossible. Without operation the result is uni- 
formly fatal. 

Remits of Perforation . — A number of cases of recovery following the 
characteristic symptoms of perforation have been reported. In how 
many of these cases perforation actually took place must remain in 
doubt. The question is well answered by Pitz. ‘‘Since perforation of 
the intestine in typhoid fever may take place without any suggestive 
symptoms, and since suggestive, even so-called characteristic, symptoms 
may occur without any perforation having taken place, it must be ad- 
mitted that recovery from such symptoms is not satisfactory evidence 
of recovery from perforation.'^ Still, recovery from perforation without 
abscess formation must be admitted as possible. Several such cases have 
been verified by subsequent operation or autopsy findings. 

In rare cases the peritonitis is localized and an abscess forms similar 
to the localized abscess which follows perforative appendicitis. Recovery 
may follow surgical drainage, or the abscess may discharge externally 
or into one of the hollow viscera. This is most likely to occur if the 
perforation involves a relatively quiet sector of the abdomen like the 
appendix region. 

In the great majority of cases, general peritonitis follows perforation 
and, unless relieved by laparotomy, proves rapidly fatal. Death occurs, 
according to Pitz, in over 37 per cent, on the first day following per- 
foration, in over 29 per cent, on the second day and in over 83 per cent, 
of all cases during the first week. Even with prompt surgical inter- 
ference the outlook is grave. Only about 20 per cent, recover. This is 
a high mortality, but with the prospect of an almost certain fatal result 
without laparotomy, operation is not only justified, but imperative. 

Liver ajid Okdl-bladder. — The typhoid bacillus has a peculiar afiSnity 
for the liver and gall-bladder. The organism is present in the gall- 
bladder from the onset of the infection in practically every case of 
typhoid fever and, as in the case of certain healthy carriers, it may be 
found in the gall-bladder of individuals who give no history of clinical 
typhoid infection. It is, therefore, remarkable that hepatic and galb 
bladder complications do not occur with greater frequency. 

Jaundice. — Jaundice is extremely rare. Liebermeister found 26 
cases in 1,420 cases of typhoid. Recent German statistics, however, give 
a higher incidence. Posselt found icterus reported as present in from 
0,14 to 7.14 per cent, of the individual cases in various groups. It ap- 
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pears to be rarer in this country. Apart from abscess and cholecystitis 
it was noted in only 8 of McCrae’s series of 1,500 cases. Of 52 cases of 
jaundice analyzed by Da Costa, 4 were catarrhal and 24 toxic. The 
jaundice was a symptom of pylephlebitis in 3 cases, of cholangitis in 5 
cases, of abscess in 5 cases and of acute yellow atrophy in 5 cases. 

Catarrhal jaxmdice is usually a late complication, although it has 
been noted in the period of onset. Coleman reports a case in the pro- 
dromal period. This complication may be mild and transient and cause 
no aggravation of the symptoms of the primary disease. In the more 
severe form the jaundice may be quite intense and accompanied by 
nausea and vomiting, chill and an increase in the pyrexia. Enlargement 
of the liver, pain and tenderness in the hepatic region are not usually 
present. Bile is usually absent from the stools. Toxic jaundice is a 
late complication of severe typhoid. It may be distinguished from the 
catarrhal form by the gravity of the symptoms and by the continued 
presence of bile in the feces. 

Hepatic Abscess. — Hepatic abscess, solitary or multiple, is a very 
rare complication or sequel of typhoid fever. Da Costa collected 22 
cases. The solitary abscess may be the result of an infection ascending 
from the ulcerative lesions in the bowel, or it may be i^art of a pyemia 
with abscesses in other parts of the body. Cases following parotid 
abscess and necrosis of bone have been reported. Multiple abscesses 
may be due to a septic pylephebitis having its origin in suppuration or 
gangrene in the intestine or in the mesenteric glands, or to suppurative 
cholangitis. The colon bacillus, the staphylococcus, the streptococcus 
and the typhoid bacillus have been recovered from the pus. The prog- 
nosis is very grave. Cases of solitary abscess have been successfully 
drained. 

Cholecystitis. — In typhoid fever, as stated above, the gall-bladder 
is a constant metastatic focus of lodgment and multiplication of the 
typhoid bacillus. It is generally believed and has been experimentally 
demonstrated that the organism reaches the gall-bladder through the 
circulating blood by a descending infection. As a rule the presence of 
the organism in the gall-bladder and its passage through the biliary tract 
to the intestine causes no intlammatory reaction. It is quite probable, 
however, that a mild cholecystitis not infrequently occurs and runs its 
course without symptoms severe enough to attract attention. In a small 
percentage of the cases the inflammation is of sufficient severity to cause 
definite symptoms. Gall-stones of ancient or recent formation may be a 
predisposing etiological factor. In Webb- Johnson’s series of 2,500 cases 
of typhoid and paratyphoid fever, there were 15 cases with more or less 
definite symptoms of cholecystitis. The diagnosis was made in 19 of 
McCrae’s 1,500 cases, representing 1.2 per cent. The complication is 
announced by chill, rise of temperature, pain in the right upper 
quadrant, and usually by vomiting. The pulse and respiration rate are 
increased. Tenderness and rigidity are present over the gall-bladder 
area, and occasionally the enlarged gall-bladder may be palpated. Jaun- 
dice may develop. There is a moderate leukocytosis, from 10,000 to 
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15,000. The disease usually terminates by resolution in a few days; or, 
in rare cases, ulceration and perforation of the gall-bladder, followed by 
general peritonitis, may result. In only one of the 15 eases reported by 
Webb- Johnson was surgical interference necessary. A mild, chronic 
cholecystitis may result from the acute attack and be the immediate 
cause of the development of gall-stones. In 30.9 per cent, of Cursch- 
mann’s cases followed over long periods, symptoms of gall-stone disease 
were found. The infection may persist in the gall-bladder without caus- 
ing inflammatory reaction and may produce a temporary or permanent 
carrier state. 

Spleen. — Perisplenitis, infarct and spontaneous rupture are rare 
complications of typhoid fever. One of these conditions may he sus- 
I)ected if pain, tenderness and rigidity in the left upper (luadrant de- 
velop in the second or third week of the disease. A positive diagnosis 
is imj) 0 ssible. Abscess of the spleen may result from a failure to 
eliminate the typhoid bacilli from the spleen to the liver. The Mayos 
have operated on several cases of single or multiple abscess containing 
pure cultures of the typhoid bacillus. In 800 cases of typhoid fever with 
surgical complications collected by Keen there were 9 cases of splenic 
abscess. 

ClHCUnATORY SysTOM 

Blood. — The anemia following typhoid fever is very moderate in 
degree, rarely exceeding a 20 per cent, loss of red-cells and hemoglobin. 
Ver^’^ exceptionally posttyphoid anemia may be severe and constitute a 
serious complication. In 2,000 fatal cases reported by Holscher from 
the Gaieme Hospital in Munich, 54 cases, or 2.7 per cent., showed severe 
anemia. Thayer carefully studied two cases. In one the number of 
red-cells fell to 1,352,000 and the hemoglobin to 27.5 per cent, on the 
thirty-tifth day of the disease. In the other the re<l-cells numbered 
1,996,000 on the thirty-second day. Doth patients made very slow 
recoveries. 

Heart.— The symptoms of niyacar(Ual nu^wfficiency may apjiear as a 
complication in the latter weeks of the pyrexial period of typhoid fever 
or as a sequel early or late in the convalescent period. From the studies 
of Romberg, Hayem, and more recently of Hamman, it has been shown 
that the anatomical basis of the symptoms may be an interstitial myocar- 
ditis or granular or fatty degeneration of the muscle-flbers. Grave and 
fatal cardiac insufficiency appearing in the height of the disease may 
depend primarily upon vasomotor paralysis, the changes in the myocar- 
dium being of secondary' importance. Romberg asserted that circulatory 
failure during the height of an infection depends entirely upon vaso- 
motor paralysis. 

Symptoms of cardiac weakness of more or less severity usually begin 
in the third week of the pyrexia, sometimes earlier, without a correspond- 
ing rise in temperature. The pulse increases in frequency, loses its 
dicrotic character and becomes small, soft and comx^ressible. In the 
average case of typhoid this pulse frequently continues int^o convales- 
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cence and gradually subsides, with no further evidence of myocardial 
weakness. In cases with more serious myocardial degeneration the symp- 
toms increase in severity. The pulse may be intermittent or irregular 
in rhythm and force. Instead of a tachycardia, a bradycardia may be 
the first symptom of a failing myocardium. General prostration may 
be profound, with paleness of the skin and perspiration. Vomiting is 
not infrequent. Physical examination shows a feeble or ditfuse apex 
impulse with the left border of the heart displaced to the nipple line or 
still further to the left. The heart-sounds are feeble, or the first sound 
may be feeble and the pulmonary second accentuated ; gallop rhythm or 
embryocardia may be present. A soft systolic murmur may be heard at 
the apex or in the third interspace, due to a relative mitral insufficiency. 
Dilatation is usually confined to the left side of the heart. 

Although often a cause of much anxiety, myocardial degeneration in 
• typhoid fever is rarely a direct cause of death. The symptoms usually 
subside gradually and the physical signs of dilatation disai)pear with the 
decline of the pyrexia. Sudden collapse, more or less severe, may occur 
from exertion or emotion, and some cases of sudden death during the 
period of decline and in convalescence are unquestionably due to acute 
myocardial degeneration. The above symptoms may first appear during 
convalescence, when the patient is beginning to be about. Instability 
and irritability of the heart, with subjective symptoms, may persist for 
several weeks or months after recovery. 

Endocarditis and pericarditis are very rare complications of typhoid. 
Occasionally at autopsy recent vegetations are found on the valves. 
Considering the frequency of secondary infections in the declining period 
of typhoid fever, the immunity of the endocardium and pericardium 
from invasion is rather remarkable. It is only rarely that a chronic 
valvular lesion can be traced to an attack of typhoid fever. 

Arteries. — Arteritis is rare, but it occurs more frequently as a com- 
plication of typhoid fever than of the other Acute infections. The 
disease is api>arently due to the direct invasion of the arterial wall by 
the typhoid bacillus. Vincent and Muratet found the arteries of the 
right leg to be most frequently affected. The posterior tibial, femoral, 
popliteal, anterior tibial and dorsalis pedis were affected in the order 
named. More rarely the arteries of the upper extremities or of the 
brain were involved. In 4 cases in Osier’s series 2 were in the femoral 
artery, 1 in the middle cerebral and 1 in the brachial. Thrombosis of 
the cerebral arteries may cause the sudden development of convulsions, 
coma or hemiplegia. Typhoid arteritis occurs as early as the third week 
and as late as the eighth week, when convalescence has apparently been 
fully established. It appears to be as frequent in mild as in severe 
cases. 

The onset of the complication is sudden, with pain along the course 
of the affected vessel, or involving more extensive areas or even the 
entire limb. The pain is increased by movement and pressure. Pares- 
thesias over the affected areas are common, and tenderness is marked 
over the infiamed artery. Thrombus formation brings out the vessel as 
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a hard^ painful cord. Below the obstructed vessel the limb is pale or 
blue, swollen and cool. Pulsation in the artery is diminished or lost. 
The circulation may be slowly restored by the development of an ade- 
quate collateral circulation or by the formation of channels through the 
thrombus ; or the obstruction may be complete and the process terminate 
in dry gangrene of the extremity. 

Thayer studied the late cardiovascular condition of 183 typhoid pa^ 
tients treated in the wards of Johns Hopkins Hospital. Prom one month 
to thirteen years had elapsed between the attack of fever and the ex- 
amination. The date of the examination was less than one year after 
the attack in 48 eases, between one and five years in 93 eases and be^ 
tween five and thirtwn years in 42 cases. The results show that ar^ 
terial hypertension, palpable radial arteries, cardiac enlargement and 
chronic valvular disease were found with much greater frequency than 
in individuals who gave no history of typhoid fever. He concludes that’ 
typhoid fever is an important factor in the etiology of arteriosclerosis 
and cardiovascular disease. 

Veins. — Thrombophlebitis, — ^The studies of Conner have brought 
forward phlebitis as one of the common and very important complica- 
tions of typhoid fever, responsible for many of the irregularities in the 
course of the pyrexia and the underlying cause of many complicating 
conditions hitherto not satisfactorily explained. In general literature 
phlebitis is stated to occur in about 2 per cent, of the cases of typhoid. 
Thayer found venous thrombosis in 39, or 2.6 per cent., of 1,463 cases. 
Da Costa reports 16 cases of milk leg in 135 soldiers treated for typhoid 
in the Pennsylvania Hospital, representing 12 per cent. In Webb- John- 
son’s series of 297 cases of typhoid fever in British soldiers not pro- 
tected by antityphoid vaccination, 3.36 i)er cent, were complicated by 
phlebitis. Conner analyzed 1,540 cases treated in the New York Hos- 
pital, in which there were 78 cases, or 5 per cent., of undoubted throm- 
bosis. He believes that with more accurate diagnosis an incidence of 
from 10 to 15 per cent, in all cases of typhoid will be shown. 

Phlebitis is a late complication, rarely appearing before the third 
week of the disease. Nearly one-half of the cases develop in the third 
or fourth week, and about an equal number during the convalseent 
period. 

The veins of the left leg are most frequently affected. The left fem- 
oral is the favorite site. The iliac, popliteal, internal saphenous veins, 
and those of the calf of the leg, may be affected primarily or by exten- 
sion from the femoral. The veins of both legs are affected in about 30 
per cent, of the cases. Quite rarely the process is confined to the pul- 
monary vein or to the veins of one arm, usually the left. 

Autopsy findings often show thrombosis extending far beyond the 
site of the local symptoms as observed during life. 

The onset of thrombophlebitis is often latent and insidious, and the 
early localizing symptoms may be absent or so mild as to escape recog- 
nition. As Aschoff has shown in his studies on thrombosis, the primary 
white thrombus is built up gradually, layer upon layer, from the blood- 
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platelets while the blood is still cireulating. The local symptoms bj 
which the condition is recognized develop only when complete occlu- 
sion of the vein has taken place. During this latent period, which may 
last for a number of days, as Conner has shown, thrombophlebitis may 
be manifested only by symptoms remote from the seat of thrombus for- 
mation. Small fragments may be detached from the growing, friable 
clot and cause pulmonary embolism and infarction. In the absence of 
the local symptoms of phlebitis the real nature of these small infarcts 
may not be suspected. Conner believes that most of the late pulmonary 
and pleural complications of typhoid fever have this etiolog>^ The 
puzzling chills and the unaccountable irregularities in the course of the 
pyrexia so frequently seen in the declining period of the fever are very 
often due to a thrombophlebitis which has not yet shown itself by local 
symptoms. 

The characteristic symptoms of fully developed thrombophlebitis 
are fever, pain, tenderness, swelling, edema and induration along the 
course of the thrombosed vein. Fever is present in approximately 90 
per cent, of the cases. Should the complication occur before defer- 
vescence the regular typhoid temperature curve is interrupted by a 
rise, which may be sustained for a number of days, or may persist with 
various irregularities, and indefinitely prolong the pyrexial period. The 
increase of fever usually begins with the local signs of thrombosis of 
a large vein. In exceptional cases the rise may precede or follow the 
local symptoms by several days. During the convalescent period the 
onset of phlebitis may cause either a sharp transient rise of temperature 
or a longer period of pyrexia, showing violent remissions and exacer- 
bations; or it may cause a prolonged, mild febrile movement. In the 
absence of coincident, frank, local symptoms these periods of fever may 
be confused with recrudescence from various other causes, or with true 
relapse. 

The evidence advanced by Conner is very strong that many post- 
typhoid disturbances of temperature without other apparent cause are 
due to a latent phlebitis. Chills, either at the onset or during the 
course of the complication, were noted by Thayer in 28 per cent, of his 
cases. The relation of phlebitis to the multiple chills of the* later period 
of typhoid has previously been considered. « 

Leukocytosis with moderate increase of the polymorphonuclear cells 
usually accompanies the complication. In all of Thayer’s cases the count 
was above 6,000 ; in 54.5 per cent., it was from 10,000 to 20,000. In ex- 
ceptional cases the typhoid leukopenia may persist for some time after 
the appearance of the phlebitis. 

Thrombophlebitis is a distressing and sometimes a dangerous com- 
plication of typhoid fever. Death may result directly from pulmonary 
embolism, or from extensive thrombosis into the abdominal veins, or 
indirectly, from exhaustion or complications following and dependent 
upon the phlebitis. It may cause much suffering and greatly prolong the 
period of convalescence. Some permanent disability may be left from 
occlusion of the large vein. Persistent swelling of the leg after exer- 
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cise, varicose veins below the occlusion, and ulceration ma^ reiralt. 
Cramps in the calves of the legs are common. Gangrene is very rare. 

Respiratory System 

Lajrjmx. — ^Routine laryngoscopic examinations during the course of 
typhoid show that laryngeal inflammation of greater or less severity 
occurs as a complication in a majority of the cases running a severe 
course. Jackson, of Pittsburg, carefully studied the condition of the 
larynx in 360 hospital cases. He classified the lesions under (1) suba- 
cute laryngitis, (2) ulcerative laryngitis, (3) perichondritis. He found 
subacute laryngitis in 227 cases, or 63 per cent. ; ulcerative laryngitis 
in 68 cases, or 18.9 per cent.; and perichondritis with or without 
necrosis in 17 cases, or 4.7 per cent. 

No satisfactory records of the frequency of laryngeal complications 
in private practice are available. They are probably much less fre- 
quent than in hospital experience. However, laryngoscopic examina- 
tion of the larynx is rarely made during the course of typhoid fever, 
and it seems quite certain that mild laryngeal complications are rarely 
recognized and that only the severe lesions with emphatic symptoms 
have received consideration in medical literature. 

Catarrhal Laryngitis. — The mucous membrane of the larynx par- 
ticipates in the catarrhal state common to the various mucous surfaces. 
The symi)toms do not differ from those of the disease occurring as a. 
primary affection. Jackson noted that the mucous membrane was con- 
tinuously covered with a secretion, which appeared to come from the* 
trachea and bronchi. Catarrhal laryngitis is important because of the 
possibility of its influence in the development of ulceration, edema or 
other serious conditions. Laryngeal symptoms, however mild, occur- 
ring during the course of typhoid fever, should put the physician on 
his guard and lead to careful laryngoscopic exploration for the presence 
of the more severe forms of laryngeal disease. 

Ulceration of the Larynx. — ^Autopsy findings show that ulcera- 
tion of the larynx occurs in about 10 per cent, of all fatal cases. Only 
a small percentage of this number is recognized during life. Jackson’s 
studies indijflftte that systematic examination of the larynx would reveal 
a much higher incidence. The high mortality rate of the cases col- 
lected by Keen and others as compared with the mortality rate of Jack- 
son’s series seems to prove that only those cases presenting serious 
symptoms of laryngeal obstruction are included in these reports. 

The nutritional changes in the mucous membrane of the larynx, the 
result of the typhoid toxemia, are the important predisposing factors in 
the etiology of ulceration. A large majority of the cases occur in severe 
typhoid with high fever, and intense toxemia. Immediate exciting 
causes are: 

(1) Traumatism by friction and irritation in phonation, coughing 
and deglutition. 

(2) Injudicious exposure to cold and draughts. 
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(8) Arterial or venous thrombosis. Suddenness of onset in certain 
cases points to vascular occlusion as the determining factor in the ul- 
ceration. Arterial thrombosis is possible, but from Conner’s studies it 
appears more probable that thrombosis of the small veins is the condi- 
tion present. 

(4) Infection. The typhoid bacillus has been recovered from the 
ulceration in a few cases. Infection by this organism is by the blood 
stream. Secondary infection by pyogenic cocci is the principal factor 
in the immediate etiology of the complication. Drainage into the 
larynx of infected secretions, and food remnants from a septic mouth 
and pharynx, and retention through lessened cough reflex keep the mu- 
cous membrane bathed with infected material. Tjoss of tissue-immu- 
nity determines the invasion of the mucous membrane by the organisms. 
A few cases have followed sui^puration in the ears, or abscesses in the 
parotid gland and other contiguous structures. The Klebs-Loffler ba- 
cillus is rarely the infecting organism. 

Laryngeal ulceration is a late complication. Sixty-seven of Jack- 
son’s sixty-eight cases and over 70 per cent, of the cases collected by 
Keen and Rieser occurred after the third week. The site of the ul- 
ceration in about 60 per cent, of the cases was the posterior lar3mgeal 
wall at the insertion of the vocal cords. The location in the remaining 
cases was the arytenoid cartilages and interspace, the aryteno-epiglottid- 
ean folds, the epiglottis and the thyroid cartilage, in the order named. 

The onset of the complication is insidious, and the well-known symp- 
toms of laryngeal inflammation may be absent, or so mild as to escape 
notice. Apathy, diminished sensibility or delirium may conceal the 
symptoms until a paroxysm of laryngeal dyspnea announces the formi- 
dable complication that is present. In Jackson’s carefully observed 
cases, the average day of onset of the ulceration was the twenty -second ; 
the average day of onset of sj^mptoms was the thirty-first day. 

Hoarseness, croupy cough and aphonia are the symptoms usually 
first noted. Pain, tenderness, dj^sphagia and dysphonia are i)resent in 
patients whose sensibility is not too blunted. The symptoms of an ap- 
parently mild lar^mgitis may suddenly- be followed by an alarming at- 
tack of dyspnea, or the d^^spnea may be the first symi>tom to announce 
the laryngeal complication. The obstruction may be from acute edema, 
from an abscess in the laryngeal wall, from occlusion of the glottis 
by a sloughing mass, or from abductor paralysis of the vocal cords. 
When obstruction occurs after the period of profound toxemia the 
well-known violent symptoms of asphyxia are present. In the pro- 
foundly^ toxic patient the symptoms may be masked by the stupor, and 
death maj'^ teke place without the attendant suspecting the gravity of 
the situation. A bronchopneumonia from aspiration of the laryngeal 
secretions may occur. The diagnosis of laryngeal ulceration is easy if 
the possibility of the condition is suspected and a laryngoscopic examin- 
ation made. Unless particularly looked for, the complication may pro- 
gress to a fatal termination without recognition. 

Perichondritis and chondritis result from the extension of the ul- 
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ceration into the deeper structures of the larynx. More or less exten- 
sive necrosis of the cartilages of the larynx frequently takes place. 
Keen, basing his opinion upon his study of the reported cases of laryn- 
geal disease complicating typhoid, states that necrosis of the cartilages is 
the most common lesion. It seems quite certain, however, that Jacksop’s 
personal experience represents more accurately the relative incidence 
of the various lesions. The milder forms of infection are not usually 
recognized and do not seriously affect the ordinary course of the pri- 
mary disease. 

Abscess of the larynx, ulceration of the trachea and perforation with 
subcutaneous emphysema are occasional results of ulcerative laryngitis. 

The prognosis of the severe forms of laryngeal disease complicating 
typhoid fever is very grave. Of the 243 cases collected, 158, or 65 per 
cent., died. 

The influence of the early recognition and treatment upon prognosis 
is shown by Jackson’s experience. Of his 68 cases of ulceration, which 
included all the cases of the serious form of laryngeal invasion, only 
4 died, representing 5.8 i^er cent., all of them from causes remote from 
the larynx. Of the 8 patients upon whom tracheotomy was performed 
for the relief of asphyxia, one died from toxemia. eJaekson believes that 
with proper local treatment the prognosis depends upon the severity of 
the typhoid toxemia rather than upon the local condition. Permanent 
deformity, impairment or loss of voice, or stenosis requiring prolonged 
treatment may result from the destructive lesions. 

Bronchi. — Bronchitis. — A mild bronchitis with cough, scant ex- 
pectoration and a few rales scattered over the ehest is quite a constant 
manifestation of typhoid, beginning in the first and continuing into 
the second week or throughout the febrile period. It usually causes but 
little discomfort. A severe bronchitis may complicate the onset and 
mask the primary disease, or it may develop at any time in the course. 
Occasionally the cough is severe and distressing. Like the bronchitis 
of measles it is a local manifestation of the general infection. The 
typhoid bacillus may be demonstrated in the sputum. Secondary in- 
fection by the pneumococcus, streptococcus or other organism may 
occur in severe septic cases. Bronchitis is rarely an im])ortant factor 
in a fatal issue. Osier cites one fatal case. Collapse of the lung with 
bronchopneumonia may result. 

Lungs. — Bronchopneitmonia, — Extension of the infection from the 
bronchi to the lung occurs in a small percentage of cases. It is often a 
late event in serious eases. The lesions of bronchopneumonia are found 
in about one-third of tlie fatal cases at autopsj^. The typhoid bacillus, the 
pneumococcus, or more commonly the pyogenic cocci, arc the infecting 
organisms. The onset is usually insidious, and is masked by the toxic 
state. Occasionally the complication begins with a chill. Rapid respira- 
tion, increased pulse-rate and cyanosis are significant symptoms. Areas 
of partial or complete consolidation can be demonstrated in the inter- 
scapular and subscapular regions. The complication adds greatly to 
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the gravity of a case. Rarely, in grave cases with myocardial weakness, 
edema of the lungs may result. 

Hypostatic Congestion.— Hypostatic congestion of the lower lobes 
of the lungs is a frequent complication of the latter half of the febrile 
period. In debilitated patients with severe toxemia it may occur in the 
first or second week. The development of the condition is favored by 
myocardial weakness and by the influence of prolonged dorsal decubi- 
tus. The condition causes no distinctive symptoms. There is no pain 
and no increase in the fever, cough or respiratory rate. The complica- 
tion can be recognized only by a physical examination of the chest and 
will be overlooked in the absence of routine auscultation of the lungs 
in the back. Slightly tympanitic or impaired resonance over one or 
both lower lobes, absent or diminished respiration, prolonged expiration 
and bronchial voice and many fine rales are the physical signs which dis- 
tinguish the condition. 

Secondary infection of the congested area determines the develop- 
ment of hypostatic pneumonia, with the signs of complete consolidation. 
Elevation of temperature, rapid pulse and increased respiration are 
then present. With the decline of the fever and the improvement in 
the general condition of the patient, the consolidated area slowly under- 
goes resolution. The complication is grave. It was present in 121 of 
1,830 cases observed by Cursehmann, with 65 deaths. Careful nursing, 
with frequent change of the patient from side to side, tends to prevent 
stasis. The bath treatment is the most important preventive measure. 

Lobab Pnistjmonia. — In 1,420 cases of typhoid fever Liebermeister 
found lobar pneumonia in 52 cases, or 3.7 per cent. In Osier’s series it 
occurred in 15 of the 829 cases, or 1.8 per cent. It is not a frequent 
complication. It may occur as a complication of the period of onset, 
of the fastigium, or of the period of decline. Typhoid fever may begin 
suddenly with the symptoms of a frank pneumonia and the character- 
istic physical signs of this disease. This is the “pneumotyphoid” of the 
French writers. The disease runs a course similar to that of primary 
lobar pneumonia for a number of days, and there is nothing in the 
clinical history to indicate the presence of a complicating or associated 
disease. Persistence of the pyrexia beyond the usual period and the 
appearance of rose spots, splenic enlargement, and intestinal symptoms 
will uncover the underlying typhoid infection. The pulmonary lesion 
may be a local manifestation of the typhoid bacteriemia, a typhoid bacil- 
lus pneumonia, or it may be due to a complicating infection by the 
pneumococcus or by one of the rarer pneumonia-producing organisms. 
Bacteriological studies have, up to this time, been too meager to permit 
a statement as to the relative frequency of the various infections. 

Lobar pneumonia, complicating the latter stages of typhoid, oc- 
curs most frequently in the second and third weeks. The usual stormy 
onset of pneumonia is obscured by the apathy and diminished sensibility 
of the patient. The symptoms at this time are few and infrequent. 
Cough may not be increased and rusty sputum may not ap- 
pear* The white-cell count may or may not be increased. Increased 
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respiration, eyanosis, rapid pulse and sharp disturbance in the tempera- 
ture curve are the most important diagnostic symptoms* Physical ex- 
amination of the chest will determine the nature of the complication. 
Curschmann states that the height of the consolidation of the lung is 
reached more slowly and that resolution is more often delayed than in 
primary imeumonia. Many cases do not advance beyond the symptomi^ 
of congestion. Lobar pneumonia is a grave complication. Of Lieber- 
meister's 52 cases, 29 died. Marignac, cited by Hare, reported 13 cases 
with no deaths. 

Pulmonary Embolism and Infarction. — Pulmonary embolism pre- 
sents itself in two clinical ^orms : 

(1) The severe form, with suddenly developing severe thoracic pain, 
dj'spnea, cyanosis and collapse, usually rapidly terminating in death. 
This form is very rare. It is caused by a large embolus detached from 
a cardiac or venous thrombus occluding one of the large branches of 
the pulmonary artery. 

(2) The mild form, giving rise to obscure and atypical signs of 
pleurisy or pneumonia. This form is relatively common. In Conner’s 
study of 1,540 cases of typhoid fever there were 88 of pulmonary and 
pleural complications exclusive of bronchitis. In 63 of this number 
the character of the thoracic symptoms made it jirobable that most of 
them were due to pulmonary embolism. As shown above, the embolism 
has its origin in a thrombophlebitis. 

The pulmonary symptoms may be the first evidence of a developing 
phlebitis. It may appear several days before the local signs of the com- 
plication, and the etiological relation between the two phenomena may 
be entirely overlooked. Thoracic pain is present in practi(jally all of 
the cases; usually it is the first symptom. It is sudden, sharp, and may 
be very severe. It is usually referred to the lower axillary region, oc- 
casionally to the hypogastrium or shoulder. Cough is usual and may 
begin with the onset of pain or after two or three days. Bloody sputum 
is seen in about one half of the cases. It appears first in small, bright 
red clots or as a blood-streaked mucus, the color becoming dark later. 
Dyspnea and .thoracic oppression occur in the severe cases. A chill is 
occasionally noted at the onset. Rapid breathing, increased pulse-rate 
and fluctuation in temperature are usual. The leukocyte count is usu- 
ally increased. Rigidity and tenderness are occasionally observed in the 
upper abdomen, just below the ribs. 

Phys^ical Signs . — Conner classified the cases according to the physi- 
cal signs into three groups: (1) Those with friction rubs or crepitant 
rales over a small area and lasting only two or three days; (2) cases 
with signs of a small circumscribed pneumonia, usually in one of the 
lower lobes, the consolidation disappearing in three or four days; (3) 
cases with extensive plastic pleurisy or pleural effusion. 

Pleurisy. — Pleurisy is not a frequent complication. It has been 
observed at the onset as a localization of the typhoid infection. The 
thoracic symptoms may dominate the clinical picture, and the under- 
lying typhoid infection may not be susiiected until it is unmasked by 
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the subsequent decline of local signs and the continuance of the pyrexia, 
with the appearance of the characteristic rose spots and splenic enlarge* 
ment. More frequently it is a late complication. In patients dull with 
typhoid toxemia the complication may develop with few symptoms and 
escape recognition. 

The pleurisy may be of the dry plastic variety or show effusion. 
The exudate may be serous, purulent or hemorrhagic. The typhoid 
bacillus has been found in both the serous effusion and in the empye- 
mas. Empyema is usually due to a secondary infection by the pneu- 
mococcus or one of the pyogenic organisms. The hemorrhagic eifusions 
are often due to tuberculosis. Small pulmonary infarctions may give 
the s^’^mptoms and physical signs of pleurisy. A mild complicating 
pleurisy does not add much to the gravity of an attack of typhoid fever. 
Empyema and hemorrhagic elfusion are more serious. 

Tubeb^citIjOSIS, — T yphoid fever may activate a latent pulmonary 
tuberculosis, and the pulmonary condition may appear as a complication 
either during the late period of the course of the fever or as a sequel 
at any time after convalescence is established. The evidence is not con- 
vincing that typhoid infection predisposes to infection by the tubercle 
bacillus. 

Abscess and Gangrene. — Abscess and gangrene are among the rar- 
est pulmonary complications. Either of these conditions may result 
from one of the pneumonias or from general sepsis. In profoundly 
toxic patients aspiration of septic material from the larynx during the 
course of ulcerative laryngitis, or^f food particles from the pharynx, 
may be the immediate cause. 

Renad System 

Retention of Urine. — This is a common and annoying condition. In 
the early days of the fever it may be due to the difficulty many patients 
experience in voiding in the recumbent position. Later it is the result 
of the obtunded sensibility of the typhoid state. The patient may not 
make a definite complaint, but will indicate his distress by restlessness 
or by an increase in the delirium. Physical examination will reveal a 
bladder-tumor in the hypogastrium. Constant dribbling of urine is a 
suggestive symptom. Incontinence is occasionally seen in stuporous 
patients. 

Polyuria. — Sollmann and Hofmann have shown that the eliminating 
capacity of the kidney for salt and water is not impaired in typhoid 
fever. The therapeutic use of a large water intake proportionally in- 
creases the urinary output. The urine may be increased to five liters 
or more. One of Osier’s patients passed 23 liters in one day. Polyuria 
without excessive intake of fluid is occasionally seen in the second or 
.third week of typhoid, and is a common phenomenon at the beginning 
of convalescence. It has been spoken of as a urinary crisis. The con- 
dition passes away with convalescence. 

Febrile Albuminuria. — In typhoid fever the kidneys are not, as a 
rule, seriously affected. The slight albuminuria which is characteristic of 
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all acute infectious with fever and due to a mild parenchymatous degener- 
ation of the epithelial cells of the tubules is common. It occurs in about 
60 per cent, of the cases. This febrile albuminura should be sharply dis- 
tinguished from acute glomerulonephritis. It is not of serious import 
and disappears in a few days or with the decline of the fever. It does 
not impair the functional efficiency of the kidney. The albumin rarely 
amounts to more than a trace. A few easts, hyaline or finely granular, 
are usually found. In McCrae’s series casts were present in 37.8 per 
cent, of the eases. 

Nephritis. — Acute glomerulonephritis is not a common complication. 
Curschmann gives the incidence as about 1 per cent. Talley’s series of 
18,000 cases shows 3 per cent. Typhoid fever may be complicated with 
nephritis at the onset, constituting the nephrotyphoid or renal typhoid. 
More commonly the nephritis is a complication of the late febrile period ; 
or it may appear during convalescence. It may begin suddenly with 
edema and uremic symptoms and a scant, highly albuminous urine, 
containing also blood and numerous casts. The onset may be insidious, 
without marked edema or uremic phenomena. The complication may be 
overlooked in the absence of routine urinary examinations, its symptoms 
being obscured by those of the typhoid fever. 

Nephritis at the beginning of typhoid fever is a serious complica- 
tion. Cases which develop late in the disease usually recover. The con- 
dition rarely terminates in chronic nephritis. 

Infections of the Upper Urinary Tract. — Bacillubia. — Prom the 
third week on, typhoid bacilli are present in the urine in about one- 
third of the cas(is. The infection is usually mild, and no symptoms 
are present. The urine may be turbid from the presence of the bacilli, 
without other evidence of infection. It is generally thought that 
the bacilli pass through the kidney from the circulating blood in small 
numbers and multiply in the bladder urine. Mild local lesions in the 
bladder and prostate may produce the (jonditions favorable to the mul- 
tiplication of the organisms, Bacilluria may persist for an indefinite 
I>eriod after recovery from the typhoid, and the host thus become a 
chronic typhoid carrier. Mild cases may remain latent for a number 
of years and then give rise to acute and severe symptoms. The colon 
bacillus or other organisms may be associated with the typhoid bacillus. 

Pyuria. — Pus in small amount may be found in the urine without 
other symptoms; It may have its source in gonorrhea or in a mild 
catarrh of some part of the urinary tract. 

. PyeI/ITIS. — Infection of the pelvis of the kidney may take place 
at the height of the disease or during convalescence. The complication 
is ushered in by an increase of temperature or, in the convalescent period, 
by a recrudescence of the fever preceded, perhaps, by a chill. Pus and, 
in the first days, blood are found in the urine. There is often a sudden 
leukocytosis. Bimanual palpation of the kidney will often elicit 
tenderness. The typhoid bacillus may be the infecting organism. Colon 
bacillus infection is also frequent. 

The complication usually runs a course of a few days and ends with 
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recovery ; or it may persist for considerable time and be the cause of a 
prolonged posttyphoid febrile state. Pyelonephritis may result. Perine- 
phritis is quite rare and is practically always due to a secondary infec- 
tion by one of the pyogenic cocci. 

Cystitis. — The typhoid bacillus not infrequently causes a cystitis, 
mild or severe. The colon bacillus and the staphylococcus are also 
common, inf e<5ting organisms. The usual symptoms of bladder irritation 
are present, with fever and leukocytosis. The typhoid infections are 
more amenable to treatment. Chronic cystitis may result. Hugh Young 
reported a case of seven years* duration. 

Nervous System 

\ 

MenixigeB. — Symptoms of meningitis or meningeal irritation may de- 
velop suddenly any time during the course of typhoid fever. Cases are 
recorded in which the symptoms appeared in the prodromal period. In 
some epidemics, particularly in those coincident wdth the prevalence of 
cerebrospinal fever, the incidence may be very high. During a milk in- 
fection epidemic, Curschmann observed five hospital nurses who were 
attacked in quick succession by typhoid fever, in all of whom meningitis 
symptoms predominated in the first week. Nervous symptoms of typhoid 
fever occurring with the onset may dominate the clinical picture and 
completely conceal the underlying typhoid infection. These cases have 
been designated as meningotyphoid by French writers. 

Cole studied the meningeal complications of typhoid fever and, from 
pathologic findings, divided the cases into three groups; (1) inenin- 
gism, (2) serous meningitis, (3) purulent meningitis. Lumbar puncture 
is the only means of differentiating these conditions. 

Meningism. — Symptoms of mild, transient, meningeal irritation 
may occur with negative spinal fluid and insignificant autopsy findings. 
Curschmann and others have called attention to the condition. Wolf 
published twelve cases from Curschmann *s clinic. In three fatal cases 
coming to autopsy there were no lesions of the brain or cord, and cultures 
from the central nervous system were negative. Such cases may be 
explained as due to the action of a soluble toxin upon the cortical 
neurons. Schultze, however, found that/i^ certain cases, although no 
gross anatomical alterations eoiild be demonstrated, small-cell infiltra- 
tion was present along the course of the vessels of the meninges, and 
that there w^ere similar microscopic foci in the substance of the brain 
and cord. Meningism has been most frequently observed in the typhoid 
fever of children. When the condition occurs at the onset of an attack 
of typhoid fever the symptoms often fade away in a few days and give 
place to the usual symptoms of the primary disease. When occurring 
later, meningism indicates a serious toxemia and is of graver sigaifleance. 
Prom our personal experience it would appear that this mild form of 
meningeal complication is more frequent than the reported cases indi- 
cate. 

Meningitis. — ^Both serous and purulent meningitis may b© produced 
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by the typhoid bacillus. Coleys studies show that serous meningitis 
is particularly a manifestation of the localization of the typhoid organism 
in the central nervous system. He considers it to be caused by toxins 
liberated from the typhoid bacilli localized in the spinal canal. Cole 
reported 13 cases, 8 from the literature and 5 from the wards 
of Johns Hopkins Hospital. In 1917 Bayne-Jones collected 17 
cases reported subsequent to Coleys communication. Serous meningitis 
may subside, especially after lumbar puncture, or it may continue and 
prove to be the early stage of a purulent meningitis. Of 13 cases re- 
ported by Claret and Lyon-Caen 8 recovered and 5 died. 

Purulent meningitis complicating typhoid may be produced by the 
Eberth bacillus, or it may be a secondary infection by the meninjgo- 
coccus, pneumococcus or one of the common pyogenic organisms. Mixed 
infection with one of these organisms and the typhoid bacillus may oc- 
cur. In rare cases developing in the convalescent period the bacillus of 
tuberculosis is the infecting agent. The identification of the infecting 
organism is made by lumbar puncture and examination of the spinal 
fluid. Lumbar puncture should be a routine diagnostic procedure in 
all cases presenting meningeal symptoms. Cole reported 15 cases and 
Bayne-Jones collected 18 additional cases. According to these data 
purulent meningitis may occur at any time in the course of typhoid 
fever. It is an exceedingly fatal complication. All reported cases have 
died, usually within three days of the onset of the meningeal symptoms. 

The symptoms of meningeal invasion by the typhoid bacillus are 
those of acute cerebrospinal meningitis, and they do not differ in es- 
sential particulars in the two forms of the disease, serous and purulent. 
The symptoms are severe headache, photophobia, vertigo, pain in the 
spinal region with rigidity and retraction of the head. There are also 
cutaneous hyperesthesia, pain and tenderness in the muscles with mus- 
cular twitching and ^occasionally convulsions. The deep and superficial 
reflexes are usually increased. Kernig^s sign is generally present. The 
onset may be with chills and facial herpes, the latter being very rarely 
seen in typhoid fever without meningeal symptoms. 

Meningitis, serous or purulent, whether due to the typhoid bacillus 
or to some other organism, is a very grave complication. Most cases 
die. As has been noted, mild cases of the serous form occasionally re- 
cover, particularly after repeated spinal puncture. 

Hemiplegia. — ^Hemiplegia is one of the rare complications of typhoid. 
It may occur at any time from the third week until well into the period 
of convalescence. Age does not appear to have an important influence 
on the incidence.^ Of 42 cases collected by Smithies 9 were in children 
under ten years of age. In about two-thirds of the cases the paralysis 
is right-sided, with aphasia. The cerebral lesion may be thrombosis, 
hemorrhage, embolism or a meningo-encephalitis. In very rare eases 
the lesion is a meningeal hemorrhage. According to autopsy records 
thrombosis appears to be the most common lesion. The clinical history 
of hemiplegia complicating typhoid presents no distinctive features. 
6 of the 42 cases reported by Smithies were fatal. Aphasia without 
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hemiplegia and terminating in recovery at the end of a few days has 
been reported a number of times. Huteiiel stated that this form of 
aphasia always occurs in children, more frequently in boys. The author 
observed two cases, one a male adult, in the recent Alpena outbreak. 
Among the very unusual complications that have been recorded are 
paraplegia, monoplegia, bulbar i^aralysis and myelitis. 

Convulsions. — Convulsions have been observed with extreme rarity. 
Convulsions may occur (1), as one of the phenomena of a sudden and 
stormy onset, especially in the typhoid of infancy or childhood; (2), 
during the height of the fever and toxemia; and (3), as a symptom of a 
vascular cerebral accident, as thrombosis or hemorrhage. Of the 42 
eases of hemiplegia collected by Smithies, 10 were preceded by convul- 
sions. As in the other acute infections, convulsions occurring at onset 
are not of such grave import as when they occur late in the disease as 
a result of serious toxemia or organic brain mischief. 

Peripheral Neuritis. — Peripheral neuritis sometimes occurs as a late 
complication. The nerves of the lower extremities are involved more 
often than are those of the trunk and arms. The disease may manifest 
itself as a multiple neuritis involving both the lower or all four ex- 
tremities, or it may be restricted to a single nerve. Pain, tenderness, 
paresthesia, motor and sensory paresis and trophic disturbances may 
result. 

Neuralgia and painful areas in the muscles and skin are often seen 
without other evidence of organic changes in the nerves. As Conner has 
shown, these painful conditions are often due to phlebitis. 

Tender Toes. — In early convalescence the plantar surfaces of 
the toes and sometimes more extensive areas of the feet become 
painful and tender. Contact with the bed-clothes or with any object 
may be exceedingly painful. This condition has been described as a 
peripheral neuritis. Conner believes it is due to^- a thrombophlebitis. 
Recovery takes place in a few days. 

Psychoses. — ^Kraepelin’s classification of the typhoid psychoses, 
which has been quite generally adopted, is the following: (1), the initial 
delirium, the psychoses of the period of incubation or the period of 
onset; (2), the febrile psychoses, developing during the height of the 
fever and toxemia; and (3), the asthenic or posttyphoid psychoses. 

Initiali Delirium. — In the initial stage, the mental derangement 
manifests itself as an acute delirium or a state of mental depression. 
The acute delirium is characterized by profound mental obtusion with 
hallucinations. The patient may wander from home and conceal him- 
self in his effort to escape fancied persecution. There may be impulses 
to acts of violence. The condition may closely simulate alcoholic de- 
lirium. In two such cases recently seen in the wards under the author's 
observation, a diagnosis of delirium tremens was made on admission. 

The form in which mental depression is the leading feature is rare. 
As the mental state may be the only outspoken symptom of the general 
infection, the true nature of the malady may not be suspected and the 
patient may be treated for a primary mental disease. 
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Pebbilb Pstchoses. — The mental derangements of the period of 
high fever are exaggerations of the ordinary fever delirinm or stupor 
so frequently present in severe cases. The delirium may be of the 
expansive type and the stupor may assunie the character of a coma-vigil. 
In the case of a boy of fourteen years under the author’s (Jennings’) 
observation, a few days of active delirium at the end of the febrile period 
were followed by a state of coma-vigil which continued for ten days 
after defervescence. 

Asthenic Psychoses. — The posttyphoid insanities may develop as 
a continuation of the febrile delirium, or they may appear at various 
times during the convalescent period. Dercum recognizes the follow- 
ing forms: (1), acute delirium; (2), confusional insanity, stuporous in- 
sanity; (3), cerebral asthenia, pseudodementia, pseudoparcsis ; (4), in- 
sanity with systematized delusions resembling paranoia; (5), true mania 
or true melancholia. Age is not an important factor in the etiology. 
Many cases are observed in children. 

The prognosis of the typhoid insanities, considered as a class, may 
be said to be good. The severe delirium of the j)rodromal or 
initial period is of grave import. About one-third of the eases termi- 
nate fatally. The delirium and stupor of the febrile period usually de- 
cline with the pyrexia, and complete recovery is the rule. The prognosis 
of the posttyphoid psychoses is also favorable for ultimate recovery. 
It is true that of the cases committed to asylums only about 50 per cent, 
recover. These figures, however, do not represent the real situation. *’A 
large percentage of the milder cases which recover do not come under 
hospital care. 

Oeneral Neuroses. — Various functional diseases of the nervous system 
may complicate the late state of the disease. Hysteria is not uncommon, 
and it may. assume any of the well-known counterfeit manifestations 
of disease. Chorea, tremor, tetany, paralysis agitans and diabetes in- 
sipidus have been observed. 

Organs op the Special, Senses 

The Eye. — ^The ocular complications of typhoid have been fully 
studied by Geo. E. de Schweinitz. Paresis of accommodation, as a part 
of the postfebrile asthenia, is frequently seen. Conjunctivitis, catarrhal 
and phlyctenular, are among the most common ocular complications. 
Ulcerative and suppurative keratitis are more rare. Affections of the 
uveal tract are occasionally met with in the convalescent period. Iritis 
was seen by Sorel once in 871 cases of typhoid. Cataract may follow 
inflammation of the uveal tract, or it may result from nutritional dis- 
turbances without antecedent inflammation. Retinal hemorrhage is not 
very rare during the height of the febrile state. Embolism of the cen- 
trai artery of the retina has been noted. Optic neuritis with optic nerve 
atrophy, either partial or complete, may occur. De Schweinitz mentions 
amblyopia as a possible result of excessive quinin medication. Optic 
nerve atrophy may be caused by severe intestinal hemorrhage or epistax- 
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is. Transient amblyopia without ophthalmoscopic changes has been re- 
ported. Thrombosis of the orbital veins, panophthalmia and paralysis 
of extra-ocular muscles are very rare complications. 

The Bar. — Otitis media occurs in from 2 to 3 per cent, of the cases. 
It is particularly frequent in th*e typhoid of childhood and infancy. It 
is usually a secondary infection by one of the common pyogenic organ- 
isms originating in the nasopharynx. Mastoid disease and sinus-throm- 
bosis are far less frequent than in other acute infections. The impair- 
ment of hearing and the subjective sensations of sound so characteristic 
of the febrile state of typhoid are apparently due to the action of the 
typhoid toxin on the structures of the middle and internal ear. These 
symptoms usually disappear with convalescence. From 1 to 2 per cent, 
of all cases of impairment of hearing can be traced to a previous at- 
tack of typhoid fever, 

Gij^.KDUiiAR System 

DerangementB of the Lymphatic Glands. — In addition to the enlarge- 
ment of the mesenteric glands which is uniformly present, a general en- 
largement of all the lymph-nodes may occur. It is not of importance 
and subsides with the decline of the fever. 

Mastitis. — Mastitis is a rare complication of typhoid fever, usually 
appearing in females. Osier saw 4 cases in his series. It occurs 
late, and is usually a secondary infection. The typhoid bacillus has 
be^n isolated from the pus in a few cases. It involves one or both 
breasts with about equal frequency. Half of the cases terminate in 
suppuration. 

Orchitis. — Orchitis is occasionally met with, as in other infectious 
diseases. The epididymis is usually implicated. The disease presents 
no special characteristics. Chills, and fever with severe local pain and 
swelling, are the symptoms. The right testicle is most frequently af- 
fected, and only rarely are both involved: It runs a cour^ of about 
two weeks* duration and terminates in suppuration in a minority of 
the cases. Atrophy of the testicle is an occasional result. 

Th3rroiditiB. — The thyroid gland, under normal conditions, is pecu- 
liarly resistant to bacterial invasion. Bacterial thyroiditis is therefore 
a rare complication of typhoid, and requires for its production a very 
virulent infection or a greatly diminished resistance in the gland itself. 
Liebermeister and Hoffman found 15 cases of thyroiditis, 6 cases result- 
ing in abscess, among 1,700 cases of typhoid. The complication appears 
to be more frequent in districts where goiter is common. Infection may 
be by the typhoid bacillus or by one of the pyogenic organisms. The 
disease may pursue its course as a n op-purulent inflammation and termi- 
nate in resolution, or it may result in abscess formation. It appears late 
in the febrile period or in convalescence. Galli has reported a thyroid 
abscess with pure culture of the typhoid bacillus occurring twenty-one 
years after the primary typhoid infection. 

The symptoms are pain, tenderness and swelling of part or of the 
whole gland. Dysphagia and other pressure symptmns may oetmr. 
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Without abscess formation the complication is not very serious, Of 41 
eases of suppurative thyroiditis from all causes collected by Richard- 
son, 9 were fatal. Crotte remarks that good surgery should reduce this 

mortality. Exophthalmic goiter is a possible sequela. 

♦ 

Locomotor System 

Muscles. — Myositis. — The changes in the muscles in typhoid fever 
are degenerative rather than inflammatory. In convalescence, groups of 
muscles may become tender and painful on manipulation or with con- 
traction. The symptoms suggest a myositis, although there is not at pres- 
ent satisfactory evidence that infection is the cause. The symptoms 
gradually disappear, l^upture of groups of fibers or of whole muscles 
may take place when degeneration is advanced, either from severe or 
very slight exertion. Hemorrhage at the site of rupture takes place with 
the development of a hematoma. The contents of the tumor may be in- 
fected and suppuration result! The typhoid bacillus has been recovered 
from both the blood and the pus. The muscles of the abdominal wall and 
of the thigh are most frequently the site of rupture. The diaphragm may 
be involved, /with respiratory embarrassment. Sudden acute pain is the 
important symptom of rupture. In profoundly stuporous patients with 
severely degenerated and friable muscles the accident may pass un- 
noticed. 

Joints. — Arthritis. — ^Webb- Johnson divides the joint affections of 
typhoid fever into (1), acute arthritis, serous or suppurative; (2), sub- 
acute arthritis, usually serous, but which may go on to suppuration. 

Acute serous arthritis complicates the first stage of typhoid. It is poly- 
articular, involving the knees, elbows and other joints, and closely simu- 
lates aeijte rheumatic arthritis, for which it may be mistaken. As a 
rule the affection lasts a few days only, and ends in complete recovery. 
In exceptional cases some restriction of motion may result, or very rarely 
suppuration may take place. This form is similar in its clinical course 
to the more common and familiar arthritis of scarlatina. Salicylates 
have no effect upon it. It is a local manifestation of the typhoid 
bacteriemia. 

Acute suppurative arthritis may result from an acute serous arthritis 
or from a subacute arthritis. More frequently it is a secondary infec- 
tion of the joints by the streptococcus, staphylococcus or other pyogenic 
organism, absorbed from various skin and mucous membrane infections 
of the late period of the typhoid. When due to secondary infection it 
does not differ from the septic arthritis complicating other infections. 
The typhoid bacillus a^lone may produce the suppuration, or it may be 
due to a mixed infection. Suppurative arthritis is a highly dangerous, 
often fatal complication. 

Subacute serous arthritis occurs about as frequently as acute arthritis. 
Tfhis form is a complication of the late febrile or convalescent period. 
It is almost always manarticnlar and affects by preference the large 
joints of the lower extremities, especially the hip joint. The onset is 
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insidious and the symptoms are mild. In apathetic patients it is 
easily overlooked, particularly when it involves a deeply-seated joint 
like the hip. The course of the disease is often mild, and terminates in 
resolution with complete restoration of joint function. It may be more 
severe and persistent and end in ankylosis or, rarely, in suppura- 
tion. Spontaneous dislocation is a frequent accident, due to great dis- 
tention of the joint by serous effusion into the synovial sac. Dislocation is 
especially frequent in the subacute arthritis of the hip joint in children. 
In 84 cases of this type of arthritis collected by Keen spontaneous dis- 
location of the hip occurred in 40 cases, dislocation of the shoulder in 
2 cases, and dislocation of the knee in 1 case. Subacute arthritis is 
undoubtedly due to invasion of the joint by the typhoid bacillus. Fluid 
from the joint has been found to be sterile in some instances, in others to 
contain the typhoid bacillus. 

Bones. — The typhoid bacillus uniformly localizes and multiplies in 
the bone-marrow, which may harbor the organism for an indefinite period 
after recovery. The bacillus has been recovered from bone lesions, in 
one case thirteen years, in another twenty-three years after an attack of 
typhoid. In spite of the uniform infection of the bone-marrow, bone 
lesions are rare, occurring in less than 1 per cent, of the cases. Appear- 
ing chiefly in convalescence or long after recovery, they are sequela? 
rather than complications. Adults are most frequently affected. The 
two essential forms of bone disease are (1), osteoperiostitis and (2), 
osteomyelitis. Osteoperiostitis is the common lesion. Necrosis and 
caries may result from either of the conditions. Of Keen^s 237 collected 
cases, 110 were periostitis, 85 necrosis and 13 carif'S. The bones most 
frequently affected are, in order, the tibia, ribs, femur, ulna and 
humerus. Other bones may be involved. A solitary lesion is the rule. 
Multiple lesions may affect a single bone. 

The disease begins with a tender, localized or diffused swelling over a 
superficial bone. There are practically no constitutional symptoms. The 
nodule may persist for a short or for a long time and then subside, or 
it may end in suppuration. Recurrence with or without suppuration is 
sometimes noted. The pus almost always yields the typhoid bacillus. 
Secondary infections with streptococcus staphylococcus, etc., occasion- 
ally occur. 

The pure typhoid lesions do not often cause serious damage to the 
bone. The secondary infections are much more serious and may endanger 
life. The ir-ray is of great value in determining the character of the 
lesion and the extent of bone involvement. 

Spine. — Spondylitis. — Gibney in 1889 described a group of four 
cases occurring in the convalescent period of typhoid fever under the 
term ‘‘Typhoid Spine ’’ in which there were pain, tenderness and rigidity 
of the lower spine, which he regarded as due to a perispondylitis. Car- 
net% writing in 1915, states that over 100 cases have been reported since 
Gibney ’s paper was published. X-ray examinations of the more recent 
cases support the view that an organic lesion, usually a periostitis, is the 
foundation of the symptoms. “The skiagrams show periostitis with 
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effusion under the periosteum, changes in the intervertebral discs, and 
new formation of bone. Commonly only two adjacent vertebrae are 
involved, although rarely several may be. In rare instances with septic 
infection there may be suppuration, when caries and- necrosis may 
occur (Webb- Johnson). Neuroses simulating this condition possibly 
occur, but they should be excluded from the list of true typhoid spine 
cases. 

The disease as a rule involves the lumbar vertebrae, either alone or 
together with the immediately adjacent dorsal or sacral vertebrae. The 
disease occurs as a late complication or as a sequela, two or three months 
often intervening between defervescence and the onset of the spondylitis. 
One case occurred four years after recovery from the primary infection. 
The affection occurs in both mild and severe cases and more frequently 
in young men, from twenty to twenty-five years of age. 

The onset of symptoms is usually gradual, but may be abrupt and 
severe. Pain over the lumbar spine is the most constant and positive 
symptom. It may be very severe. It may be restricted to the lumbar 
area or referred along the course of the lumbar or sacral nerves. The 
pain is aggravated by iriovement. Tenderness and rigidity are present in 
almost all cases, and occasionally there is swelling. Some rise of temper- 
ature is usually seen. In one of our eases developing six weeks after 
convalescence, the temperature ranged from 101° to 104° P, (38.3° 
to 40° C.) during six days at the height of the disease. Sensory disturb- 
ances, muscular paresis and atrophy and changed reflexes are occasion- 
ally ol)served from involvement of the spinal nerve-roots. 

The disease usually ends in recovery in two or tliree weeks. It may 
be prolonged for several weeks. Severe cases with necrosis and caries are 
of course more serious. 


Ttte Carrier State 

Bacteriological recover^" from typhoid fever may not be coincident 
with clinical recovery. With the beginning of the stage of decline the 
bacilli in the circulating blood diminish in number, and as a rule they 
disappear from the blood stream several days before convalescence be- 
gins. The bacilli, however, persist in the gall-bladder, intestine and other 
residual foci, for varying i)eriods after they have left the blood stream. 
In favorable cases the blood and tissues are free from bacilli wuthin a 
few days after the temperature becomes normal. In a certain percentage 
of all cases residual foci persist for months or years, in which the bacilli 
live and multiply and from which they are continuously or intermittently 
excreted. This sequela of typhoid fever is termed the carrier state, and 
an individual thus harboring typhoid bacilli in his body is termed a 
typhoid carrier. 

According to the channels of elimination of the typhoid ban^illi, 
typhoid carriers are classified as: (1) intestinal or fecal carriers; (2) 
urinaiy carriers, and (3) pus carriers. 

Intestinal carriers are in large majority. The gall-bladder is the 
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' focus of vegetation of the bacilli, and elimination is through the feces. 
The pelvis of the kidney is the most common focus in the urinary car- 
riers. A chrcoiic cystitis or a spermovesiculitis is the focus in rare in- 
stances. Pus carriers are rare and of relative unimportance as sources 
of infection. A chronic abscess, otitis media, or periostitis may harbor 
the bacilli. Of 314 cases of the carrier state collected by Prigge, 291, or 
93 per cent., were fecal and 23, or 7 per cent., were urinary carriers. 

Sacquepel divides all carriers according to their relation to an attack 
of typhoid fever into the following groups : 

Oroup 1. — Precocious or incubation carriers, who discharge bacilli 
before the onset of clinical symptoms of typhoid fever. 

Group 2- — Kecoirered carriers' (a) Convalescent carriers, who dis- 
charge bacilli up to three months after clinical recovery. (&) Chronic 
carriers, who discharge bacilli longer than three months after clinical 
recovery. 

Oroup 3, — Healthy carriers, giving no history of typhoid fever. 

Individuals of groups 1 and 2 have been designated active carriers 
and those of group 3, passive carriers. 

The number of typhoid carriers among the general population has 
been estimated at 3 carriers for every 1,000 people. Of 993 persons 
examined in Washington by Rosenau, 3 per cent, were found to be 
carriers. Approximately the same percentage was found in a large 
number of examinations made in Germany. 

The duration of the carrier state is variable. A majority of the 
individuals are convalescent or temporary carriers, and they cease to 
discharge bacilli before the end of the third month. Of 400 cases ana- 
lyzed by Lentz, 6 exceeded the three months' I)eriod and subsequently 
made a bacteriological recovery at periods ranging from three and one- 
half to nine months; 15, or 3.75 per cent., became permanent carriers. 

The carrier state is most frequent in women and children : 60 

per cent, of the convalescent carriers and 82 per cent, of the chronic 
carriers are women ; 35 per cent, of the convalescent carriers and 4 per 
cent, of the chronic carriers are children (Simon). 

The etiological relation of typhoid fever and gall-stones has been 
demonstrated by many observers. The calculi may contain typhoid 
bacilli. Subjects of gall-stone disease are, therefore, typhoid carrier 
suspects. 

The number of organisms discharged in the feces by a carrier varies 
from time to time. During the fever, and early in convalescence, the 
discharge is often intermittent. Later it tends to become continuous, and 
while this is the rule for chronic carriers, fluctuations in the discharge 
are frequently noted and intervals of varying duration occur when bacilli 
are absent from the discharge. A single negative examination is not, 
therefore, conclusive evidence of the absence of the carrier state. 

Precocious Carriers. — Conradi, in 1907, recorded two cases of pre- 
cocious carriers. G. Mayer had already demonstrated the presence of 
typhoid bacilli in the stools of a patient eight days before the onset of 
symptoms. Battlehner has reported 4 precocious carriers who die- 
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charged bacilli in the feces for from twenty-one to one hundred end 
seventeen days before the onset of fever. Typhoid bacilli in any num- 
bers are not present in the feces until general infection and gall-bladder 
localization have taken place. * ‘ It seems necessary to assume in the case 
of incubation carriers that the evolution of the disease symptoms has 
simply been delayed beij^ond the usual period following general invasion 
of the typhoid bacillus^’ (Gay). Considering the prolonged duration of 
the precocious carrier state as demonstrated in the above cases it seems 
not improbable, in the present state of our knowledge, that precocious 
carriers are in fact healthy carriers whose resistance to auto-infection 
has finally broken down. 

Recovered Carriers. — ^We are largely indebted to German investiga- 
tors working along the lines recommended by Koch in 1902 for the dem- 
onstration of the incidence of the carrier state as a sequela of typhoid 
fever. In a total of 2,714 persons convalescent from typhoid fever re- 
ported by nine German, English and American writers, an average of 
4.1 per cent, were found to be carriers for three months or longer. One 
group of 86 cases very thoroughly studied by Semple and Greig in India 
gave the exceptionally high incidence of 11.6 per cent. Prom these 
statistics, therefore, it is demonstrated that from 4 to 5 per cent, of all 
persons who suffer from typhoid fever become chronic carriers. 

Healthy Carriers. — Among 431 cases of typhoid carriers collected by 
Klinger, 44 individuals, or 20 per cent., were found who gave no history 
of a previous attack of typhoid fever. Although undoubtedly there were 
included in this number many mild and unrecognized cases of the disease, 
it seems conclusively proven that many persons become typhoid carriers 
without having passed through clinical typhoid fever. 

The diagnosis of the carrier state is made by bacteriological examina- 
tions of the feces and urine and of the pus from suspected foci. The 
persistence of the Widal reaction for many years after an attack of 
typhoid is a suspicious circumstance and calls for complete bacteriologi- 
cal investigation. 


Pregnancy 

Typhoid 'fever is rare in pregnant women. Authorities differ on the 
question of the relative immunity of the pregnant woman. In any large 
collection from 1 to 3 per cent, of the cases of tj^phoid fever complicate 
pregnancy. The condition is one to cause anxiety. It leads to abortion 
or premature labor in from 40 to 60 per cent, of the cases. Of 233 cases 
collected by Sacquin pregnancy was interrupted in 150 cases ; 37 of the 
patients died. 

Abortion or premature labor usually occurs at the height of the 
fever and toxemia. When abortion occurs in the early months severe 
hemorrhage is common. Delivery at term usually takes place normally, 
and at times a healthy child may be born. Petal death is the result of 
typhoid bacteriemia. The organism has been repeatedly demonstrated 
in the blood and tissues of the fetus. 
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ASSOCIATION WITH OTHER DISEASES 

Acute Diseases. — Typhoid fever is preeminently a disease of early 
life. Any of the acute diseases common to this period may be acci- 
dentally associated with t3q)hoid infection, although as a matter of fact 
such coincidence is not frequent. Furnier collected 75 cases of 
scarlet fever associated with typhoid fever. Usually typhoid is the 
first infection and the scarlatina follows, probably from exposure to a 
passive carrier. Measles, a more common infection, is not readily 
carried and is very rarely seen, ^mall-jyox, chicken-pox, whooping- 
cough and diphtheria have been rarely observed. Influenza may be 
an accidental associate, but it certainly does not i)redispose to typhoid 
fever. In fact there was an exceptionally low incidence of typhoid 
fever in this city and state during the prevalence of the recent epidemic 
of intluenza. In the late period of typhoid, when complicating pyogenic 
infections of the skin are frequent, erysipelas may develop. Water- 
borne infections like cholera, dysentery and other diarrheal diseases 
ma.v develop with typhoid. The ingestion of highly polluted and ty- 
jjhoid-infected water may cause a quickly appearing gastro-emicritis, 
and this may be followed by typhoid fever after the usual incubation 
period. 

Before the discovery of the specific organism of typhoid fever clini- 
cians of this country, following the lead of Woodward, concealed their 
uncertainty in diagnosis and lack of definite etiological knowledge in 
the term ^ Uypho-mal<irial fever/ ^ assuming the existence of a hybrid 
infection. This term is less ominous than typhoid fever and was widely 
used to designate any continued fever of doubtful etiologjr. Bacteriologi- 
cal study has shown that there is no such pathological entity, and the 
name in this sense should disappear from medical literature. The term 
is also given to severe continued malarial fever with adynamic symp- 
toms. In French literature it is used to designate cases infected coin- 
cidentally with the typhoid and malarial organisms. In malarial dis- 
tricts this combined infection is occasionalty seen. McCrae met with 
only 3 cases in his series. Chills and distortion of the temperature 
curve may excite sus])icion of the malarial complication. Only the 
demonstration of the plasmodium will identify the intruding infection. 

Chronic Diseases. — The association of tuhercAdosis with typhoid fever 
is of interest. The evidence is not convincing that either infection pre- 
disi)oses to the other. Both are diseases particularly^' incident to early 
life, and it would indeed be remarkable if an occasional tubercular sub- 
ject did not contract typhoid fever. The frequency of the association 
is not great enough to suggest anything but an accidental relation. In 
the author’s exy)erience the association is certainly rare. McCrae found 
only 6 cases of active clinical tuberculosis in his series. It is a note- 
worthy fact that in recent years there has been about an equal rate of 
decline in the mortality from typhoid fever and from tuberculosis. 
This decline may be attributed, the author believes, rather to the effect 
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of modem sanitation, which affects the incidence of both diseases about 
equally, than to the influence of a direct etiological relation between 
the two. Typhoid, like any acute debilitating disease, may activate a 
latent tuberculosis. Only in this sense can typhoid predispose to tubercu- 
losis. A high perceniage of consumi^tives give a history of one or more 
attacks of fever which have been thought to be typhoid, and for this 
reason typhoid fever has been considered to be a predisposing cause 
of tuberculosis. A history of a previous attack of typhoid fever in a 
consumptive i)atieiit should be received with suspicion. Periods of 
fever in cases of latent tuberculosis are very common and may closely 
simulate typhoid. Only laboratory evidence should be accepted as con- 
clusive. 

Association of tyi)hoid fever with other chronic infections and with 
metabolic ’and degenerative diseases is rarely seen. The association 
with syphilis is uncommon. Before the days of antityphoid vaccina- 
tion it was a particularly fre(iuent coincidence in military medicine. 
Diabrtic i>alients may develop an intereurrent typhoid infection. Se- 
vere cases run their course with a low temperature, although this in 
itself is not of unfavorable significance. 

Chronic alcoholics are bad subjects for typhoid. Curschmann ob- 
served a mortality of 34 per cent, among drunkards in Hamburg. Al- 
though the temperature generally runs low, signs of myocardial weak- 
ness develop early. Severe intestinal and other hemorrhages are fre- 
quent. Delirium, stupor and profound adynamia are frequent and grave 
manifestations. Nephritis with renal insuflicieney and uremia may 
hasten a fatal issue. 


CLINICAL VARIETIES 

Mild Typhoid Fever. — Occasionally in hospital wards, quite fre- 
qiiently in private practice, cases of continued fever of short duration 
are seen which, from clinical signs alone, are difficult or impossible to 
classify. They have been described under the vague terms : febricula, 
ephemeral fever, gastric fever, simple continued fever, etc. That a cer- 
tain or large percentage of such cases are examples of mild typhoid in- 
fection is the conviction of many careful and experienced observers. 
Louis mentions a mild case with perforation that came to autopsy. 
Glresinger, 1864, described a form of typhoid fever in which the symp- 
toms were mild and the duration of the disease was from eight to four- 
teen days. Murchison, Liebermeister and others of this period also 
mention a mild form of the disease. As these observations were made 
before the knowledge of bacteriological diagnosis, the question w'as an 
open one. In mild cases the more imsitive clinical signs, the rose rash 
and the splenic enlargement, may not appear at all, or at least until 
the case has passed from observation. In fact the diagnosis of mild 
and atypical cases of typhoid fever by clinical means alone w^as, and still 
remains, notoriously unreliable. Laboratory aids now give certainty, 
and many continued fevers classified under various names have^ been 
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identified as belonging to the typhoid group. French observers obtained 
positive serum reactions from cases of emharras gastrique febrile. In 
a typhoid epidemic in Saarbriicken in 1904 Koch and his co-workers 
determined that many mild febrile cases of indefinite clinical character 
were typhoid infections. J. P. Bates, in 1909, studied 68 cases of ty- 
phoid fever in Panama. Of these, 21 were of the short duration variety, 
in all of which a positive diagnosis was made by blood culture or serum 
reaction. Warren Coleman studied 24 cases of short duration typhoid 
fever in the second medical division of Bellevue Hospital. They consti- 
tuted 10 per cent, of all the typhoid cases admitted to the division in five 
years. The diagnosis in 20 of the cases was made by blood culture or 
serum reaction ; in the remaining 4 cases, by clinical evidence alone. 

The typhoid fever commission of the Spanish- American War con- 
cluded from their studies that because of their mild character a large 
percentage of the cases of this disease, both in civil and military prac- 
tice, were not recognized as typhoid fever. 

From the foregoing it seems proven that mild cases of typhoid 
fever of short duration are common, and in the interest of both the pa- 
tient and of the public health they should be recognized and treated 
as such. Bacteriological and serological study should be made of every 
continued fever of more than two or three days’ duration for which an 
adequate cause cannot be found. 

The clinical history of mild typhoid shows many variations from 
the typical course. The fastigium of the disease is shortened and the 
temperature curve may exhibit many irregularities. Only exceptionally 
does it rise above 103° F. (39.4° C.) (Fig. 3). The stage of decline 
is equally variable. It may be short, or it may continue for a full week or 
longer, the temperature showing sharp remissions or irregularities. 
The symptoms are slight throughout the whole course of the 
disease. Diarrhea is mild or absent. Prostration is not great, and im- 
portant nervous symptoms are absent. The typhoid rash is present in 
a majority of the cases that continue into the second week. The spleen 
is palpable only in a small percentage of the eases. Complications are 
unusual, wasting is not marked and convalescence is usually rapid. 

Abortive Typhoid Fever. — In the abortive form of mild typhoid the 
disease begins sharply, and all of the symptoms of an attack of moderate 
severity progress in the usual sequence. At the end of a week or ten 
days defervescence unexpectedly begins; the temperature rapidly de- 
clines, all the symptoms abate and convalescence is establishd in from 
ten to fourteen days from the onset. 

Afebrile Typhoid Fever. — A form of mild typhoid fever running its 
course with characteristic typhoid symptoms and without a febrile 
temperature is described by various authors. Diagnosis in the reported 
cases has usually been made from the clinical history and has apparently 
been confirmed in a few cases by autopsy. As elevation of temperature 
is an essential fact in the clinical conception of typhoid '^infection, a 
period of vague ill health without temperature above the normal would 
rarely arouse suspicion of typhoid fever and lead to its identification 
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by laboratory methods. Only an occasional case has been reported by 
American writers. In the present state of our knowledge a diagnosis 
of afebrile typhoid fever demands verification by positive pathological 
or bacteriological evidence. 

Ambulatory or Walking Typhoid. — ^It not infrequently happens that 
the subjective symptoms of the initial period of typhoid fever are not 
of the usual severity, and a patient may continue his ordinary activities 
until the disease is well advanced, when an overwhelming prostration or 
a serious comifiication like hemorrhage or perforation compels him to 
seek medical advice. 

These cases fall into two groups. Cases of the first group are ob- 
served most frequently in men of the lower classes who are not mindful 
of bodily discomfort and who resist the illness to the last moment. 
Eventually such a patient consults the physician in his office, or walks 
into the hosiDital, where he is found to be well along in the second or 
third week of the disease. Intelligent devotees of the various forms of 
mental therapeutics are also found in this group. The subsequent 
course of the disease in these eases is often severe and fatal. 

In the second group are included the cases of mild typhoid which 
escape recognition as such and are thought to be cases of influenza, cold, 
acute intestinal catarrh or other unimportant infection. Patients of 
this group may pass through the disease without taking to their beds. 

Malignant Typhoid Fever. — A profound toxemia characterizes this 
form of the disease. The onset may be sudden, with high fever, fre- 
quent and persistent vomiting, quick and feeble pulse and a rapidly 
developing and fatal asthenia. In other cases, after a violent onset, 
early adynamic symptoms develop. There is abundant diarrhea, great 
prostration, feeble heart action, low delirium or profund stupor. 
The patient is overwhelmed by the intensity of the infection and suc- 
cumbs in the second week of the disease. 

Subcutaneous and internal hemorrhages are occasionally seen, and 
constitute what is known as hemorrhagic typhoid fever. This form is 
very rare. In Osier’s studios at Johns Ilopkins Hospital only 1 case was 
observed. This was reported in detail by Hamburger. Hamburger 
cites Uskow’s series of 6,513 cases of typhoid fever with 4 of the hemor- 
rhagic form. Liebermeister observed 3 eases of this form among 1,900 
cases of typhoid. 

Typhoid Fever in Children. — Children are just as susceptible to 
typhoid fever as adults. They are more resistant to the tvphoid tox- 
emia, and the general course of the disease is as a rule mifder. Short 
duration typhoid and the abortive types are frequently seen, and the 
individual stages of the disease are shortened. Septic and protracted 
cases are infrequent. 

Some of the individual symptoms show variation from the adult 
type. The slow pulse of adult typhoid is not observed. From the onset 
the pulse is rapid, especially in very young children. Vomiting more 
often occurs at the onset and diarrhea is more constant than in the adult. 
Pain and abdominal distention are more pronounced. Hemorrhage and 
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perforation are rare aceidents np to six years of age. After this the 
incidence of these accidents increases with the age of the patient and 
about equals the adult percentage by the end of childhood. 

In the severe cases nervous symptoms and complications are apt to 
occur. Convulsions at the onset and meningeal symptoms during the 
course are not rare. Transitory aphasia is a complication seen more 
commonly in children. 

Recrudescence and relapse occur with greater frequency than in 
adult typhoid. The mortality rate is low. The Hamburg statistics 
show a rate of 4 per cent, between the ages of two and five years and 
of 6.4 per cent, between five and ten j'^ears. 

Typhoid Fever in Infancy. — Infants enjoy a relative immunity to 
typhoid fever, as they do to some of the other acute infectious fevers. 
The disease is comparatively rare under the age of two years, and de- 
cidedly rare under one year. The occurrence of the disease in very early 
life has been doubted by many clinicians, but the positive findings of 
modern laboratory diagnosis and the accurately recorded cases of many 
I)ediatricians have demonstrated that typhoid fever is one of the diseases 
that must always be given consideration in the differentiation of the 
acute febrile diseases of infancy. 

Holt states that but 11 eases of typhoid fever in infants under two 
years of age were observed in the Babies’ Hospital in New York during 
a period of thirteen years. Five were under one year of age. Griffith, 
of Philadelphia, who has repeatedly called attention to the occurrence 
of typhoid fever in the young, observed 45 eases in the Children’s Hos- 
pital in infants under two years of age. Nine were in infants under 
one year, the youngest being three months old. Cases in the newly 
born have been recorded. Jacobi reports a ease developing on the six- 
teenth day after birth. 

Of 345 cases of typhoid fever in children reported by A. Hand, Jr., 
2 were under two years of age. In a study of 337 cases of typhoid 
fever in children by Adams, of Washington, 13 were in infants two 
years of age and in 1 case one year of age. Of 200 cases in the experi- 
ence of Abt, of Chicago, 4 patients were two years of age and 2 were 
under one year. In the various discussions on the subject in the Ameri- 
can Pediatric Society it has been brought out that members who have had 
a large experience in the care of children have all met with a few cases 
of infantile typhoid. During an extended personal experience with dis- 
eases of children in a city with a large typhoid fever incidence, the 
author (Jennings) observed only 2 cases occurring in infants under one» 
year of age. One at nine months gave a positive blood culture on the 
fifth day. Statistics from European sources show about the sam^ in- 
cidence, In 3,686 cavses treated in the Hamburg general hospital in 1886 
and 1887, 7 were under two years of age. In the J acobspital of Leipzig, 
from 1880 to 1893, there were 1,626 cases of typhoid, including 5 under 
two years of age. The mortality statistics of Paris from 1880 to 1889 
give 36 cases under the age of one year, out of 16,036 deaths from typhoid 
fever. 
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Symptoms. — The onset of the disease in infants is more apt to be 
abrupt and without prodromic malaise. The infant is severely ill from 
the beginning. Anorexia, vomiting, diarrhea and abdominal pain are 
frequently noted in the first day or two. In rare cases convulsions 
mark the onset of the disease, or they may occur in the fastigium and 
are then, as in other severe infections, of grave import. The tempera- 
ture curve (Pig. 7) shows variations from the usual adult type. It 
rises to a moderate height on the first day and attains in two or three 
days the high level that in adult cases is not reached until the end of 
the first week. The remittent character of the fever in the fastigium 
is less marked. During this period the range of the temperature is 
apt to be higher than in adult cases of the same general severity. The 
pulse is rapid and more in harmony w’illi the temperature, and is not 
often dicrotic. Diarrhea is present in about the same general propor- 
tion of cases as in adult typhoid. The dejecta, however, have more the 
appearance of the ordinary diarrheal stool in infancy than of the pe- 
culiar typhoid stool of adult cases. Tympanites is not severe and gur- 
gling and tenderness are infrequent. The grave intestinal accidents, 
hemorrhage and perforation, are decidedly rare. 

The eruption appears somewhat earlier than in the adult, but is not 
so constantly seen. Hand noted it in 70 per cent, of his cases, an unusu- 
ally high percentage. The spots are fewer in number and not so dis- 
tinctive in appearance. 

The normal leukocyte count in infancy varies from 9,000 to 18,000; 
in childhood from 8,000 to 12,000. The low leukocyte (‘uunt of adult 
typhoid fever, so valuable in diagnosis, is not found in the very young. 
Only rarely is the count below 5,000, and it varies all the way to 16,000 
in uncomplicated cases. The blood-count in infancy is, therefore, of 
comparatively little value in diagnosis; a count below 6,000, however, 
woTild be strongly suggestive of typhoid fever. 

The typhoid of infancy does not show the multiplicity of complica- 
tions and sequelae that are so marked a feature of adult typhoid. Some 
cases succumb to the toxemia in the second or third week of the disease, 
and the milder cases recover comifietely. 

Typhoid Fever in the Aged. — Typhoid is decidedly rare in the latter 
part of life. Of 5,806 cases observed by Cnrschmaiiii 60 were in patients 
over fifty years of age. The course of the disease is severe and the 
prognosis unfavorable. The mortality is from 30 to 40 per cent. 

^ The onset and evolution of the symptoms are gradual. Chill is very 
rare. Repeated chilly sensations are usual the first few days of the fe- 
brile period. Resistance to the toxemia is feeble. Prostration is mani- 
fested early and soon becomes profound. Stupor and coma are early 
symptoms. Tremor, subsultus and muttering delirium are almost always 
present. In the patients who recover these adynamic symptoms are 
marked throughout the 'entire course of the disease. 

’ The temperature is in harmony with the sluggish reaction to the 
infection. The curve holds at a low maximum, rarely rising above 
102°F. (38,9®C.) ; it is erratic, with marked remissions or intermissions. 
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,The characteristic typical curve of typhoid is almost never seen. Afe- 
brile cases occur most frequently in the aged. 

Cardiac asthenia appears early. The pulse is rapid from the begin- 
ning, and becomes irregular and feeble as prostration increases. It does 
not show the dicrotic character of typhoid in earlier life. 

Bronchitis is apt to be severe, and the feeble right heart favors 
the development of hypostatic pulmonary congestion and pneumonia. 

Hemorrhage and perforation are of average frequency. Hemorrhage 
is a severe complication, even small losses of blood adding greatly to the 
gravity of a ease. Diagnosis by clinical means is difficult. The rose spots 
are few, less brilliant and disappear quickly. The spleen is seldom pal- 
pable. The general picture of the disease is misleading, and laboratory 
aid is essential to prompt and positive diagnosis. 

The disease is often long drawn out, convalescence is tedious, and the 
former state of health is rarely regained. 


TREATMENT. 

General Prophylaxis 

Typhoid fever is a preventable disease. The elimination of typhoid 
as an important factor in the death rate from disease in the United 
States Army during the recent war is convincing evidence that with 
equally efficient administration in civil communities, of the prophylactic 
measures now known to sanitary science, typhoid fever would practically 
disappear from mortality statistics. In the present state of society, 
eradication of the disease is not to be expected. Under the best civil 
sanitary administration now possible, living bacilli will occasionally es- 
cape the protective barriers thrown out against them and reach the 
alimentary canal of unprotected individuals. Typhoid fever, like small- 
pox, should be only a rare visitor in any community. 

The prevention of typhoid fever may be accomplished by (1) the 
destruction of the bacillus at its source; (2) the iirevention of the trans- 
mission of the bacillus from the excreta of the typhoid patient or carrier 
to healthy persons; (3) the protection of the individual by antityphoid 
vaccination. 

(1) Destruction of the Bacillus at Its Source. — The bacillus leaves 
the infected patient by way of the excreta : the feces, urine, sputum and, 
rarely, in the pus of typhoid abscesses. Could these discharges from 
every typhoid patient and carrier be thoroughly disinfected immediately 
after discharge — or, to put it in other words, could the bacillus be killed 
at its source — typhoid fever would soon cease to exist. This is only 
theoretically possible. Unrecognized healthy carriers, mild, incipient 
and atypical cases, cases with delayed diagnosis or under the care of 
thoughtless physicians or nurses give abundant opportunity for the 
bacillus to escape and be at large. Early and correct diMgMsk is an 
important factor in the prophylaxis of the disease. In a recognised case 
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of typhoid fever the responsibility for the prevention of further ex- 
tension of the infection rests with the attending physician. To wait for 
the clinical and laboratory signs necessary for a positive diagnosis is a 
serious error. Prophylaxis should begin with the first suspicion of the 
presence of typhoid. 

Destruction of the bacillus at its source is accomplished by the dis- 
infection of all excreta as soon as they are discharged from the patient 
and the sterilization of all persons or objects contaminated by them. 

Stools. — Disinfection of the stools requires care and time. Heat 
is the most efficient disinfectant. Its use is not practicable in home sur- 
roundings. In hospitals, camps and during epidemics, disinfection of 
feces by boiling or by the action of steam is practical and efficient. 
The fever wards in hospitals should be equipped with closed hoppers for 
the sterilization by steam, of excretionsp^ bed-pans and urinals. CShemi- 
cai disinfection is available in all cases and if carried out with due at- 
tention to detail, the results are satisfactory. The bath-room toilet 
should not be used until the patient is convalescent and the stools free 
from bacilli. The discharges should be received in a bed-pan or com- 
mode containing a small quantity of disinfectant solution. There should 
be added disinfectant solution in quantity equal to at least twice or 
three times the volume of the mass of excreta. The mixture should 
then be thoroughly stirred and all solid masses of feces broken up. Ba- 
cilli imbedded in hard fecal masses will resist the action of the disin- 
fectant for hours or indefinitely. The receptacle shotild then be tightly 
covered and allowed to stand for several hours — two houfs at least — 
before final disposal. After emptying, the receptacle should be cleaned 
and sterilized by boiling water, steam or disinfectant solution. 

Carbolic acid in 5 per cent, solution is the most satisfactory and gen- 
erally useful chemical disinfectant. The quantity used should be double 
the volume of the feces. 

Fresh milk of lime is an efficient disinfectant and has the advantage 
of being readily available everywhere. To 100 parts of freshly burnt 
lime — calcium oxid — add 60 parts of watei*. The resulting product is 
slacked lime — calcium hydroxid. To prej^are the milk of lime mix 1 
part of this fresh slacked lime with 8 parts of water. The slacked lime 
must be kept tightly sealed and the milk of lime prepared fresh every 
day. The quantity used should be three times the volume of the feces. 
Air-slacked lime is useless as a disinfectant. 

Other chemical disinfectants that may be used are chlorinated lime, 
5 per cent, solution ; comi)ound solution of creosal, 2 per cent. ; solution 
of formaldehyd, 10 per cent. Bichlorid of mercury is not effective for 
•the disinfection of feces. 

Urine. — Cole states that every specimen of urine from a typhoid 
patient should be regarded as a pure culture of typhoid bacilli. Each 
specimen should be disinfected as voided, by the addition of a 5 per cent, 
solution of carbolic acid, 1 part to 2 parts of urine, or 1-1000 bichlorid of 
mwoury solution, 1 part to 20 parts of urine. The mixture should 
stand for two hours. It is oftei^ convenient to keep the urine in a covered 
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jar containing the proper amount of disinfectant for the day^s excretion 
and to empty the jar every twenty-four hours. The urinal should be 
kept immersed in a disinfectant solution when not in use. Disinfection 
of the urine at its source, by the internal administration of hexamethy- 
lenamin is considered elsewhere. 

Sputum — Nasau Secretions. — Sputum and nasal secretions should 
be received in gauze or paper and burned at frequent intervals; or in 
sputum cups which are frequently disinfected with carbolic acid or 
bichlorid solution. 

VoMiTUS, Pus AND OTHER DISCHARGES. — ^Vomitus, pus and other dis- 
charges should be treated like the urine or feces. 

Bath Water. — This is too fre<iueutly discharged into the house drain, 
without treatment. It may be efficiently disinfected by the addition of 
one-half pound of fresh chlorated lime to each 50 gallons of water. 

Personal and Bed Linen. — The patient’s personal and bed linen 
should first be soaked for two or more hours in a 6 per cent, carbolic 
acid solution, and then boiled. Towels and handkerchiefs should be 
treated in the same way. Rubber sheets may be soaked in a disinfectant 
solution. Mattresses, blankets and fabrics that cannot be boiled should 
be sterilized with dry heat or formaldehyd. 

Dishes, Utensils, etc. — Dishes and tray service should be steri- 
lized by a disinfectant solution or by boiling before being taken from the 
sick-room. Bed-pans, urinals, syringes, rectal tubes and all instruments 
must be boiled or treated with one of the disinfectant solutions and 
When possible kept immersed in the solution. The sick-room should be 
kept scrupulously clean and, at the end of the illness, thoroughly dis- 
infected. 

The Chronic Typhoid Carrier. — The treatment of the chronic car- 
rier is perhaps the most difficult of all the problems in the prophylaxis 
of typhoid fever that the sanitarian has to meet. The number of unsus- 
pected healthy carriers that exists in every large community, the diffi- 
culty of thidr detection and the almost insurmountable obstacles to their 
control, make the prospects of eliminating this source of infection very 
gloomy indeed. The community can be fully protected against it only 
by universal antityphoid vaccination. 

Detection of Carriers . — The carriers in a community may be identi- 
fied by a complete sanitary survey of the population — a procedure 
which is ordinarily impracticable. In isolated groups of men, like 
bodies of troops, or in small communities where the disease is epi- 
demic, such survey is possible and in certain instances has been carried 
out. Thus Muller found 165 carriers in 20,019 soldiers examined in 
1916. Schorer, in 1919, examined 1,000 returning soldiers of the Ameri- 
can Expeditionary^ Force selected from all divisions passing through the 
port, of embarkation. No typhoid or paratyphoid carriers were found. 
Under regulations adopted by the War Department soon after the be- 
ginning of the European war, cooks, food and water handlers of the 
United States Army were systematically examined for the detection of 
the typhoid, paratyphoid and dysentery carrier state. In the first six 
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months 30,000 men were examined. The percentage of carriers found has 
not been reported. All convalescent typhoid patients were also ex- 
amined. Search for carriers should be made wherever limited and local 
outbreaks of typhoid fever occur not traceable to contamination of the 
general water supply. Careful and tactful inquiry into the medical 
history of suspected persons should be made. A past history of con- 
tinued fever or gall-stone colic should lead to the bacteriologfical exam- 
ination of urine and feces. Several examinations at varying intervals 
are necessary to exclude the carrier state. A strongly positive Widal 
reaction is suggestive. In particular, all persons, especially women, 
who have to do with the preparation and distribution of food — even in 
the absence of a suspicious history — should be rigidly examined. 

Supervision of Chronic Carri(7's , — Health authorities should main- 
tain supervision over the typhoid fever patient until bacteriological 
recovery is complete. During the convalescent period urine and stools 
should be examined and the patient kept under observation until three 
or four negative cultures assure freedom from infection. Unfortunately 
examinations to determine bacteriological recovery from tyi>hoid fever 
are not often made either in hospital or private practice. Graves, of 
Louisville, found that only 9 of 24 prominent hospitals of the country 
made such examinations. 

Recognized carriers should be registered and kept under the super- 
vision of the health authorities. Plow far it is possible to subject them 
to the restrictions necessary to the protection of the community is an 
unsettled question. Most carriers are not aware of their condition and 
their recognition is the first step in any effort to limit their pernicious 
influence. The carrier, made aware of his condition, may possibly be 
educated to cooperate with the health authorities and assist in guarding 
the community from contact with his excretions. 

It is too much to expect that typhoid bacilli excreted by carriers can 
be destroyed at their source. We can hope only to guard against their 
transmission to the healthy. Experience shows that the majority of 
cases of typhoid fever that have been traced to carriers are infected 
through the medium of food and that the guilty carriers are cooks or 
persons engaged in other occupations that bring them in contact with 
food supplies. Legislation along the lines of the regulations in force 
in the army, giving the health authorities a reasonable control over 
persons engaged in the preparation and distribution of food, seems 
feasible, and would do much to limit the dissemination of typhoid fever 
by healthy carriers. In the absence of such legislation, cooperation 
between physicians in charge of typhoid cases and local health boards 
will materially aid in the diminution and arrest of outbreaks of carrier 
origin. 

Treatment of Carriers . — The results of treatment of the typhoid car- 
rier state have, up to the present time, been rather unsatisfactory. No 
method of treatment can be recommended that offers much prospect of a 
permanent cure, except surgical resection of the focus of infection. 

(a) Medical Treatment. — ^Vaccine therapy immediately suggests it- 
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self as a promising method of dealing with a localized focus of typhoid 
infection. It has been repeatedly tried and, although many successful 
cases have been reported, its value is doubtful. Gay, as a result of 
his studies, concludes that “in most instances the results by vaccination 
are frank failures, as could be imagined when we consider that the in- 
dividuals so treated are already highly immunized against typhoid fever, 
as indicated by the presence of antibodies in their circulating blood."’ 
We believe, however, that the possible benefit of vaccination warrants a 
trial in every case. 

In intestinal carriers the focus of propagation of the bacilli is in 
the biliary passages, especially the gall-bladder. Intestinal antiseptics, 
as might be expected, have proven useless. Attempts to eradicate the 
focus in the gall-bladder by the internal administration of drugs acting 
upon or through the biliary secretion have not been encouraging. 
Various remedies have been administered with this object in view. 
Hexamethylenamin, administered by the mouth, finds its way into the 
bile both through the liver and through the walls of the gall-bladder. In 
large doses — at least 75 grains (4.87 grams) a day — it appears in the 
gall-bladder in a concentration sufficient to inhibit the growth of the 
typhoid bacillus. It is possible that the development of the chronic 
carrier state may be prevented by the persistent administration of this 
drug during the convalescent stage of typhoid fever. Theoretically it 
should be of use in the developed caiTier condition. It should be given 
a trial, although reports of its effect are not very encouraging: 15 grains 
(0.972 gram) should be given four or five times a day, diluted in a 
glass or more of water. Inspissated oxgall, bile salts, iodin and sodium 
bicarbonate have been given without permanently affecting the dis- 
charge of bacilli. The anatomical relation of the gall-bladder and bile 
ducts, the obstruction to the free flow of bile offered by the tortuous 
canal of the cystic duct and the lodgment of colonies of bacilli in the 
walls of the bile passages make disinfection with our present resources 
practically impossible. As demonstrated by Blackstein, Welch, Gay and 
others the intestinal typhoid carrier state may be induced experimentally 
in rabbits. Opportunity is thus given for the laboratory study of the 
influence of various substances on the infected gall-bladder which may 
lead in the future to definite results. 

The medical treatment of the urinary carrier is perhaps a little more 
satisfactory. Hexamethylenamin, given during the period of convales- 
cence, will disinfect the renal pelvis and often prevent the development 
of the chronic carrier state. In the developed chronic carrier the bacilli 
may be made to disappear from the urine for longer or shorter periods by 
the administration of this drug. The drug should be given in full doses, 
75 grains (4.84 grams) or more a day for a time, checking up its effect 
by repeated bacteriological examination of the urine. Hematuria or 
vesical irritation may be excited and require a reduction of the dose or 
suspension of treatment for a number of days. Typhoid vaccine may 
be administered in conjunction with the course of hexamethylenamin. 
Stakes and Clarke report two cases cured in this way. Local irrigation 
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of the renal pelvis through the ureteral catheter with dilute solution 
of silver nitrate has been suggested. 

(6) Surgical Treatment. — The chronic carrier state may be cured by 
resection of the focus of infection. As we have seen, this focus in the 
intestinal carrier is the gall-bladder alone or both the gall-bladder and 
biliary ducts. When the gall-bladder alone is infected, a cure may result 
from cholecystotomy with drainage, or cholecystectomy. The latter is 
the more radical operation and the results are more certain. Neither 
operation will cure cases in which both the gall-bladder and ducts are 
infected. 

In urinary carriers the primary focus of infection is the renal pelvis. 
Secondary foci may be in the bladder or ureters. If only one kidney is 
involved, its removal effects a cure. The secondary foci in the lower 
urinary tract clear up after the removal of the primary focus in the 
kidney. Nichols, Simmons and Stimmiel report from the Walter Beed 
Hospital the results of the surgical treatment of 6 chronic carriers — 5 
intestinal and 1 urinary — and cite one other successful result in an 
intestinal carrier. Cholecystectomy was done on the intestinal carriers: 
3 were cured and 2 continued to discharge bacilli after operation. These 
writers believe that failure to cure the two cases was due to the fact that 
the infection involved both the gall-bladder and ducts. The urinary car- 
rier was cured by nephrectomy. 

In the light of these results chronic carriers who fail to clear up 
under fully tried medical treatment should be treated surgically; the 
intestinal carriers, by cholecystectomy ; the urinary carriers, by 
nephrectomy. Removal of the kidney should of course be preceded by 

ureteral catheterization. 

(2) Prevention of the Transmission of the Bacillus. — Isolation. — 
A patient suspected to be in the incubation or developed stage of 
typhoid fever should immediately be isolated, and every known barrier 
against the transmission of the disease should be thrown around him. 
As a general rule, this object can best be attained in a hospital where 
the routine for the prevention of the transmission of disease is always 
ready to function. In many of the hospitals of the United States typhoid 
fever patients are still treated in the general wards. They should, how- 
ever, be isolated in rooms or special fever wards and nurses assigned 
to their care who do not come in contact with the patients in the general 
wards. With the usual precautions the danger of hospital infection is 
not great, although careless attendents are occasionally responsible for 
the transmission of the disease. In children’s hospitals, where patients 
are in closer contact, the danger is greater. If treated at home the 
patient should be in a room separated from the other members of the 
family and Wery precaution taken to prevent them from coming in 
contact with the patient’s excretions. 

Physicians, nurses, orderlies and other attendants on the typhoid sick 
should observe special precautions to guard against the danger of carry- 
ing the disease to others. Hands soiled with the patients’ excretions are 
the common guilty agents A disinfectant scrubbing of the hands 
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should follow each contact with the patient. When using the hed-pan 
or urinal the nurse or orderly should wear rubber gloveSi and a rubber 
apron should protect the clothing. Tjrphoid nurses should not prepare 
the food for other patients or serve it. The sick-room should be 
screened, and excreta, soiled clothing and food remnants carefully 
guarded from flies. 

The proper disposal of sewage and the prevention of the transmis- 
sion of typhoid fever through the medium of general water and food 
supplies are sanitary measures that come under the control of local and 
state boards of health. 

Previous to the introduction of antityphoid vaccination the reduction 
of the typhoid rate had been slowly progressive throughout the country. 
This reduction was due in large measure to the protection from sewage 
contamination of general water supplies or to their purification by 
filtration and chemical treatment. The remarkably low typhoid rate 
©f some European cities adequately sewered and provided with an 
abundance of pure water is convincing evidence of the importance of 
these factors in the prevention of typhoid fever. An outbreak of typhoid 
fever should lead immediately to the thorough investigation of the 
water, milk and other foods consumed by this community. Bathing 
in poUuted waters should be prohibited. The rural swimming hole or 
the urban tank may be a prolific source of infection. 

(3) Antityphoid Vaccination. — Benmer and Peiper, in 1887, and 
Chantemesse and Widal, in 1888, showed that mice could be protected 
from infection by the typhoid bacdllus by inoculation with sterilized 
cultures of the organism. In 1896 A. E. Wright developed a vaccine for 
the immunization of human beings, and in the same year Pfeiffer and 
Kolle published the results of the vaccination of a few men with a vac- 
cine prepared by a method similar to that of Wright. Wright's vaccine 
was prepared from cultures of the typhoid bacillus grown in bouillon 
for 2 or 3 weeks, then killed by heating to 63 °C. for 1 hour, and pre- 
served by .5 per cent, phenol. A single dose of 750 to 1,000 million was 
used for immunization. Pfeiffer’s vaccine was grown on agar, suspended 
in salt solution and killed by heating to 56° C. In the few years follow- 
ing this original work a number of methods of preparation and adminis- 
tration of typhoid vaccine were developed and advocated by various ex- 
perimenters. 

Antityphoid Vaccination in Armies. — ^Vaccination on a large 
scale was first practiced in the British Army in India and in South 
Africa during the Boer War, under the direction of Wright. Wright’s 
statistics showed a reduction in the incidence of typhoid fever among 
vaccinated men of at l(*ast 50 per cent., with a striking reduction in case 
mortality. In 1758 cas(‘s of typhoid fever in vaccinated men there were 
142 deaths — a mortality of 8 per cent. — while in 10,980 cases in the un- 
vaccinated there were 1,800 deaths — a' mortality of 16.6 per cent. These 
results were obtained under the very unfavorable conditions of active 
service in the field. At the close of the war, notwithstanding these fav- 
orable results, the Medical Advisory Board reported against the continu- 
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ation of vaccination in the army. Later this decision was reversed and 
vaccination was again adopted in the British Army, in 1905. The sta- 
tistics from the army in India from 1905 to June, 1908, were published 
by Leishman: 5,473 of 12,083 men were vaccinated. The case inci- 
dence per 1,000 in the vaccinated men was 3.8; in the unvaccinated, 
28.3. Leishman ’s statistics showed a decided improvement over the 
original statistics of Wright, due to improvements in the method of 
preparation of the vaccine and in the technic? of administration. 

Antityphoid vaccination was quickly introduced into all the armies 
of the world, and always with the same remarkable reduction in the 
incidence and mortality of typhoid fever. In the French Army, before 
the outbreak of the recent war, there were striking examples of the 
prompt arrest of epidemics in a number of garrisons. At Avignon, in 
1912, there were 2,053 soldiers. Of this number 1,366 were vaccinated, 
525 before and 841 dtiring the epidemic of that year. Among the re- 
nmining 687 men not vaccinated there were 155 cases of typhoid fever, 
with 22 deaths. No case occurred among the 1,366 vaccinated men. *In 
1913 all the troops of the garrison — 2,420 in number — were vaccinated. 
There was no typhoid fever. In January and February, 1914, a severe 
outbreak occurred in the regiment stationed at Tours. Of the 2,134 
men, 1,646 were vaccinated and 488 were not vaccinated. Among the 
non- vaccinated men there were 99 cases of typhoid fever, with 21 deaths. 
No case occurred among the vaccinated men. 

The freedom from typhoid in the great armies mobilized in the recent 
European war, unprecedented in military history, was the final demon- 
stration of the place that vaccination holds in the prophylaxis of ty- 
jJioid fever. Improved sanitation had a certain influence in limiting the 
spread of the disease, but it is the conclusion of authoritative opinion 
that the brilliant results obtained in the prevention of typhoid fever 
were directly due to the general adoption of antityphoid vaccination. 

In the United States Army antityphoid vaccination has been carried 
out with a uniformity and thoroughness unequaled in the other armies 
of the world, and the results obtained are justly famous. Vaccination 
was adopted on the advice of a mixed civil and military medical board 
in 1909, and was carried out under the direction of Colonel F. F. Rus- 
sell, who had studied the conditions of antityphoid vaccination in Eng- 
land. Voluntary vaccination was begun in March, 1909; and vaccina- 
tion was made compulsory for all persons in the military service under 
45 years of age, in the "last quarter of 1911. The brilliant results ob- 
tained by Colonel Russell and his co-workers gave evidence of the pro- 
phylactic value of vaccination that was incontrovertible. The de- 
crease of typhoid fever in the United States Army following the in- 
troduction of vaccination is shown in Table 4 (p. 572). 

The lowest recorded death rate from typhoid fever in the army 
prior to the introduction of vaccination was 27 per 100,000 in 1906, and 
the lowest morbidity rate was 320 per 100,000 in 1908. From these two 
low points, the -best ever attained under sanitary measures alone, the 
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Tabi® 4. 

Degrcase of Typhoid Fever in U. S. Army Following 
Introduction of Vaccination 


Year 

Vaccination 

Cases per 
100,000 

Number 

Vaccinatcxl 

Army 

Strength 

1906 

None 

572 



1907 

a 

379 



1908 

ti 

320 


74,692 

1909 

Voluntary 

335 

830 


1910 

a 

243 

16,093 

81,434 

1911 

3^2 Compulsory 

85 

25,779 

82,802 

1912 

Compulsory 

31 

all 

88,478 

1913 

ft 

4.4 


90,752 

1914 

ti 

7.5 

tc 

92,877 

1915 

ft 

8 

it 


• 1916 

it 

23 i 

it 


1917 

a 

44 

it 


1918 

it 

30 

ti 



rate fell precipitously following the introduction of vaccination to 4.4 and 
31 per 100,000 respectively (Russell). 

The appearance of paratyphoid fever among the troops mobilized on 
the Mexican border in 1916 and, with the entrance of the United States 
into the European w^ar, the necessity of protecting the overseas troops 
against the paratyphoid fevers prevalent in Prance, led the Medical 
Department of the Army to adopt preventive inoculation against the 
paratyphoid fevers. It had already been demonstrated that vaccination 
against these fevers gave protection equal to that given by vaccination 
against typhoid. The practical difficulties involved in the separate 
administration of three vaccines to all the men of the great army that 
was being mobiliz(*d made it imperative to use a combined vaccine con- 
taining the three organisms, the Bacillus typhosus, the Bacillus para- 
typhosus A and the Bacillus paratyphosus B. Castellani and others 
had shown that injection of a triple vaccine developed antibodies of 
the contained organisms, active against each, and that the reaction was 
no more severe than wlien a single vaccine was used. 

After an exhaustive study by Colonel C. F. Craig, of the effects of 
a triple tyjdioid vaccine j)repared by the Army Medical School, this 
vaccine w^as adopted by the Army in 1917. 

Practically all of approximately 4,000,000 men mobilized in the 
United States were immunized against typhoid and paratyphoid fevers 
with the triple vaccine. The effect of antityphoid vaccination upon the 
incidence and mortality of typhoid fever in this great body of men is 
showm by a comparison of the typhoid fever statistics of the United 
States Army in the recent European war, the Spanish-American war 
and the Civil War, submitted by Colonel D. 0. Howard of the Office of 
the Surgeon General of the Army. It is to be noted that the figures for 




TREATMENT 


573 


the European war, although approximately correct, are based upon tele- 
graphic reports and are subject to future revision. 

From September 3, 1917, to May 2, 1919, there were reported 1901 
cases of typhoid fever with 213 deaths, with an average strength of ap- 
proximately 2,121,396. There were during the Spanish-American War, 
from May to September, 1898, with a mean strength of 90,042 men, 
36,402 cases of typhoid with 1,654 deaths. In the Civil War, from July 
1, 1861, to June 30, 1865, there were reported 77,544 cases of typhoid 
fever and 53,870 cases of typhomalarial fever (probably typhoid), wdth 
28,345 and 4,790 deaths respectively. The following comparison gives 
emphasis to these statistics: 


Number of deaths that occurred in European War, 

Sept. 1, 1917 — May 2, 1919 (average strength ap- 
proximately 2,321,396) 213 

Number of deaths that would have o(?currod, if the 

Civil AVar death rate liad obtained 51,133 

Number of deaths that would have occurred if the 

Spanish-American War death rate had obtained.. 68,164 


Antityphoid Vaccination for the Civil. Popui.ation. — No opportu- 
nity has yet been given to determine on a large scale the results of vac- 
cination in civil communities. Vincent and Murantet cite observations 
of several epidemics in a number of towns in France in which the pro- 
tection acquired by vaccination proved to be remarkably complete. In 
this country no instance of general vaccination of a threatened com- 
munity has been i)ublished. There is no reason to believe, hoAvever, that 
the immunity conferred by vaccination in the army would not be du- 
plicated by Yaccination of the civil population, if carried out with the 
same thoroughness. In prisons, asylums and similar institutions where 
conditions can be controlled, results closely approaching those in mili- 
tary experiences have been obtained. Ilatchel and Stover found that 
of 5,512 vaccinated individuals in the institutions of Maryland only 
three subsequently contracted typhoid fever — a morbidity rate of 58 
per 100,000. The Department of Health of New York City, has pub- 
lished the results of the vaccination of individuals exposed to typhoid 
fever in various ways, chiefly in their homes. Of 8,301 exposed persons 
534 were vaccinated. All of these escaped infection. Of the 7,567 per- 
sons not vaccinated, 161 — over 2 per cent. — developed typhoid fever. 
Russell gives a report (Table 5, p. 574) of a small w^ater-borne epidemic 
which occurred in Hawaii. 

Compulsorj’^ antityphoid vaccination of the civil population cannot 
be expected. The wonderful results of military experience, however, 
should be widely published and vaccination should be urged upon in- 
dividuals and communities by health authorities and physicians when- 
ever danger of exposure to infection is recognized. The recent vaccina- 
tion of over 4,000,000 young men of the Armj’’ and Navy should produce 
in the next few years a striking reduction of the typhoid rate in the 
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Table 5. 

Mortality in Water-borne Epidemic in Hawaii 



Population 

No. of 

Cases 

Deaths 

Mortality 


on Castner 

Oases 

per 

Thousand 

1 


Rate 


Water 

System 

of 

Typhoid 

Num- 

ber 

Per 

cent. 

per 

Thousand 

Vaccinated 

4,087 

55 

13.45 

4 

7.4 

0.97 

Unvaccinated .... 

812 

45 

55.41 

7 

15.5 

8.62 


country at large. Should this prediction prove true it may hasten the 
more general adoption ot* antityphoid vaccination. 

Prophylactic Typhoid and Paratyphoid Vaccines. — The vaccines 
used by the United States Army and Navy have stood the test of an 
enormous experience and have become the standard preparations for 
prophylactic vaccination in this country. Vaccines for use by the 
civil population are prepared by various manufacturing chemists under 
license from the federal government, and by several state and municipal 
boards of health. With minor modifications in the detail of manu- 
facture they are identical with the army vaccine. 

Typhoid Vaccine , — The army typhoid vaccine is that of Russell. The 
bacilli are grown on nutrient agar for a minimum of twenty-four hours, 
washed off with 0.85 per cent, saline solution and killed by heating to 
52.6°C. (126.7'^h\) for one hour. The vaccine is then standardized and 
preserved in 0.25 jjcr cent, tricresol. The vaccine as issued contains 
1,000 million bacilli per cubic centimeter. 

Typhoid-paratyphoid A and B Vaccine {Triple Typhoid Vaccine — 
T, A, B, T "'accine ), — In the preparation of the triide vaccine the bacilli 
of the three organisms — one strain of the tyi>hoid bacillus and two 
strains each of the paratyphoid bacillus A and the paratyphoid bacillus 
B — are grown separately and treated in the same manner as in the 
preparation of the straight typhoid vaccine. The five strains are then 
mixed in the prox)er iiroportions. As issued, the trix)le vaccine contains 
1,000 million typhoid bacilli and 750 million each of paratyphoid A and 
paratyphoid B bacilli per cubic centimeter. 

Triple Lipovaccinc . — The triple lipovaccine adopted by the United 
States Army in 1918, and its use discontinued early in 1919, is prepared 
by drying and grinding the bacilli and suspending the ground organ- 
isms in cotton-seed oil. Oil of sweet almonds, olive oil and mineral oils 
have been experimentally used as a base. Some of the advantages 
claimed for the oil suspension were (1) the feasibility of giving the 
full immunizing dose at one injection; (2) the diminution of the 
temic and local reactions; (3) the prolongation of the period of im- 
munity due to slow absorption of the vaccine; and (4) the delayed 
autolysis of the vaccine. Notwithstanding these manifest advantages 
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experience with the lipo vaccine revealed faults that caused its use to 
be discontinued by the Army. 

Army Typhoid Vaccine , — The Army typhoid vaccine is grown from 
a single strain — the Rawling strain — ^imported by Bussell from Eng- 
land. This strain was originally obtained from the spleen of a soldier 
who died of typhoid fever in England in 1900. Leishman found this 
strain gave a remarkably even emulsion when washed olf agar with salt 
solution. This strain is pathogenic, relatively avirulent and distinctly 
toxic. Its efficacy is believed to depend upon its toxicity. 

Paratyphoid Vaccines . — The paratyphoid vaccines are grown from 
four strains, Rogers and !Meers para A and Cools and Rowlands i)ara 
B. The Meers and Rowlands strains were ^imported from England and 
are the strains used in the English vaccine. 

Gay and others are of the opinion that a polyvalent vaccine may 
give a better immunity than a vaccine prepared from a single strain 
and that recently isolated strains are more antigenic than those grown 
for a long time on culture media. Vaccines prepared from the Rawling 
strain, used almost exclusively in American practice, have given such 
satisfactory results that there seems at the present time no good reason 
for using other or multiple strains. 

Dosage. — Tj’^phoid vaccine is administered in three doses at intervals 
of from seven to ten days. For an adult, from 150 to 200 pounds in 
weight the first dose is 500 million bacilli, the second and third doses 
1,000 million each. For small women and men the dose may be reduced 
in proportion to their weight. The dose for children should be reduced 
according to the age and development of the child: for children from 
2 to 4 years, one-quarter ; from 5 to 7 years, one-third ; and from 8 to 12 
years, one-half the adult dose. 

The triple typhoid vaccine is given at the same intervals, 500 million 
typhoid bacilli and 375 million each of para A and para B bacilli in the 
first injection, and 1,000 million typhoid bacilli and 750 million each of 
para A and para B bacilli in the second and third injections. 

McCoy, Gay and others have found that the interval between doses 
may be shortened and the injection given at three-day intervals or even 
on alternate days. Equal immunity is given as when the usual in- 
terval is observed and the reaction is no more severe. In emergencies, 
when rapid immunization is necessary, this procedure may be of great 
value. 

AoMiNiSTiiATiON. — Thc vaccine is injected with aseptic ])recautions 
subcutaneously into the deltoid area of the arm, behind thc spine of the 
scapula or in the subclavicular region. The skin of the area selected for 
injection should be cleaned with soap and winter and rubbed with 5 per 
cent, solution of carbolic acid or painted with iodin. 

Intramuscular injection may be followed by severe general and local 
reactions. Intravenous injection causes a violent general reaction with 
chill and high fever. Most of the severe reactions after vaccination are 
due to the accidental or careless injection into one of these structures. 

The General Reaction. — In a few hours after the injection, there is 
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usually a mild febrile reaction. In Craig’s studied cases fever was pres- 
ent in 32 per cent, after the first injection, in 86 per cent, after the 
second, and in 18 per cent, after the third injection. In the majority the 
rise is not above 100°F. (37.8°C.)- In a few cases it rises to 101® or 
102®P. (38.3° or 38.9°C.) and very unusually a degree or two higher. 
The high temperatures are often the result of the accidental injection 
into a vein. The fever is usually at its maximum in about twelve hours 
and has disappeared by the end of twenty-four hours. In a small num- 
ber of cases the onset of the fever is delayed until twenty-four hours 
after the injection. General malaise, lassitude, slight chilliness and 
headache are present in about fifty per cent, of the cases. Pain in the 
back and legs is seen in a fe^^ cases and is occasionally severe. A mild 
diarrhea, nausea and vomiting, dizziness and cramps are rare symptoms. 
A slight nausea is quite common after the second injection; These symp- 
toms of reaction disappear with the fall in temperature and are rarely 
of sufficient importance to keep the patient in bed. In army experience 
about one out of every 1,000 men w^as ill enough to send to the hospital. 

Local. Reactions. — The local reaction is more marked after the 
second iiijection than after the first, and is very slight or absent after 
the third. At the site of injection there is a congested area of skin 
with slight induration and sensitiveness to pressure. The areola is from 
6 to 8 centimeters in diameter. In severe reactions the redness may ex- 
tend from elbow to shoulder. Swelling and tenderness of the axillary 
glands on the side of the vaccination are usually present. The glands 
in the other axilla may also be involved. Some stiffness and pain on 
moving the arm may be present. 

Immediately following vaccination there is a moderate leukocytosis, 
the count ranging from 7,000 to 11,000, which declines over a period of 
five days. A slight secjondary rise then occurs lasting from seven to 
fourteen days. The differential count at the crest of the waves shows 
60 to 63 ]>er cent, polymorphonuclears. 

Precautions and Contra-indications. — Unpleasant reactions after 
typhoid vaccination are favored by fatigue, over-eating, alcoholic indul- 
gence, and the presence of any of the acute infections, including typhoid 
fever. On the day of vaccination the patient should eat lightly and 
avoid physical exertion. The injection is best given late in the after- 
noon after the day’s activities, and followed when possible, by rest in 
bed. The reaction symptoms thus occur in the night and usually pass 
unnoticed. Fever and other sifniptoms on the day after the vaccination 
require continued quiet and a careful dietary. Aspirin or one of the 
antipyretics may be indicated. 

In the presence of any of the acute infections vaccination should be 
postponed. Unquestionably in many instances of apparent severe re- 
action the violent symptoms' are due to a coincident febrile disease. Per- 
sons vaccinated during the iucubatioii period of typhoid or paratyphoid 
fever or suffering from a developed and unrecognized mild or ambula- 
tory form often show^ sharp reactions. Vincent states that vaccination 
done in the incubation period of typhoid or paratyphoid may abort an 



TREATMENT 


577 


attack or ameliorate its course. In an outbreak under our observations 
in which a large number of exposed men were vaccinated — several of 
them in the first stage of the disease — ^it was the distinct impression that 
in some cases the disease was prevented or its course made milder. 

Vaccination is contra-indicated in many of the chronic diseases, es- 
pecially advanced arteriosclerosis, aortitis, myocarditis, cardiac decom- 
pensation, valvular heart disease, active tuberculosis, chronic pleurisy, 
diabetes and chronic nephritis with renal insufficiency. Vaccination of 
syphilitics with active lesions should be postponed. Malarial subjects 
should be cinchonized and be compciratively well before vaccination. 
Advanced age, infancy or pregnancy are not contra-indications. In 
debilitated subjects and in those suffering from some chronic ailment 
the risk of dangerous reactions may be avoided by the administration 
of the vaccine in several small doses at proper intervals. Severe re- 
actions are apt to occur in persons sensitized to foreign proteins, and in 
the subjects of tuberculosis or nephritis. 

It has been conclusively proven that antityphoid vaccination given 
properly and with reasonable attention to the temporary and permanent 
contra-indications to its administration is attended by no danger to life 
and with but insignificant temporary discomfort. An acute disease in 
the period of development at the time of vaccination may be an occa- 
sional complication but there is no evidence that the vaccination has 
an unfavorable infiuonce upon the course of the complicating disease. 

Duration of Immitnity. — The duration of immunity conferred by 
vaccination against typhoid and paratyphoid fevers has not been def- 
initely determined. For the individual this is not possible at the 
present time, JVlany are protected against infection for life, while 
others lose their immunity at periods varying from a few months to many 
years. Recent army experience shows that complete immunity was given 
to the vast majority of the soldiers for the period of the war by the 
single vaccination at the time of entering the service. It is safe to say 
that vaccination by the army method gives immunity, as a rule, for from 
two to three years. In the regular Army and Navy it is customary to 
revaccinate at each reenlistment. It has been observed that men begin 
to lose protection after three years. 

Typhoid and Paratyphoid Fevers in the Vaccinated. — A small per- 
centage of all vaccinated persons is given only partial immunity against 
the typhoid-paratyphoid group of fevers, and a still smaller percentage 
is given no protection. Failures in immunization in many instances may 
be attributed to the use of an improper vaccine, to faulty administra- 
tion, or possibly to the fact that exposure may occur within loo short a 
time after vaccination, before maximum protection has developed. Fail- 
ure may occur, however, even when the conditions of a proi)er vaccina- 
tion have been strictly observed. Such exceptions are to be expected and 
should not be used as an argument against vaccination. The immunity 
given by an attack of typhoid fever itself, like the immunity following 
other acute infections such as variola, scarlatina, etc., is only relative 
and does not give absolute protection against a subsequent attack. 

von. IV.— 87 
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Typhoid or paratyphoid fever occurring in vaccinated soldiers of 
the French and British armies in the recent war had a low mortality. 
The course of the disease was usually mild or abortive, and compli- 
cations were few and rarely fatal. The incidence of relapse was not 
reduced. In the French army, Bech’s statistics show a mortality of 
2.7 per cent, in the vaccinated and 16 per cent, in the unvaccinated. 
Bernard and Paraf had a mortality of 5.3 per cent, in the vaccinated 
and 24.3 per cent, in the unvaccinated. Webb-Johnson collected 2,500 
cases of typhoid and paratyphoid fevers oc^curring among vaccinated 
and un vaccinated soldiers in the British army. The influence of vacci- 
nation upon mortality and the occurrence of complications in this series 
of cases is shown in the following table: 

Table 6. 


Influence of Vaccination upon Mortality and upon 
Occurrence of Complications (Webb-Johnson) 


Typhoid Fever 

Vaccinated 

Not vaccinated 

Number 
of cases 

! 

Deaths , 

Mortality 
(Per cent.) 

Complications 
(Per cent.) 

821 

297 

27 

57 

3.38 

19.19 

7.55 

35.69 

Paratyphoid A 





Vaccinated 

123 


.00 

.81 

Not vaccinated 

221 


.45 

10.85 

Paratyphoid B 


SB 



Vaccinated 

239 

HjBi 

.41 

5.85 

Not vaccinated 

799 

H 

2.12 

15.39 


Vaughan, in his study of typhoid fever in the American Expedi- 
tionary Forces in Prance, found that the clinical history of the disease 
in vaccinated patients was practically the same as in the unvaccinated. 
The mortality in 270 cases, all of whom had received triple typhoid 
vaccine, was 11 per cent. 

Individual Prophylaxis 

The devious and, often, hidden routes by which the typhoid bacillus 
is carried makes it difficult for the individual, by his own efforts, to 
escape infection. 

Individuals should be warned against direct infection through con- 
tact with typhoid patients or, in ease of unavoidable exposure, should 
be instructed in measures of defense. Physicians, nurses and others in 
attendance upon the sick are in especial danger of contact infection. 
The* fingers directly, or indirectly by way of food, convey the infection. 
Scrupulous cleansing of the hands should follow contact with the pa- 
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tient or with any objects oontaoxdnated by him. A gown should protect 
the clothing of all who come in contact with the patient. Indirect in- 
fection by water, food, flies or fomites is difficult to guard against. 
In tunes of danger only cooked foods should be eaten, and water — 

unless obtained from a source above suspicion — should be boiled. Per- 
sons traveling or visiting infected communities should be especially on 
their guard against infection. Most important in individual prophylaxis, 
however, is the immunity given by adequate antityphoid vaccination. 
It is cheaply purchased and experience <^hows that it will protect against 
all ordinary exposure. 


General. Management 

A patient presenting symx>toms suggestive of the onset of typhoid 
fever should be sent immediately to bed. The frequent grave or fatal 
course of ambulatory typhoid shows the disastrous results of wasting 
the patient's energies in the early stage of the disease. Unless the home 
is of exceptional appointments, the hospital is the proper place for the 
care of the typhoid jjatient. In the country and in small villages a 
hospital may not be within reach, and the physician must make the best 
of inadequate facilities. In a city house of modern appointments, hos- 
pital conditions can be closely imitated. The sick-room should be large, 
well ventilated, quiet and sunny, with bathroom adjoining and isolated 
as much as possible from the rest of the house. An open fireplace for 
heating and ventilation, and for use as an incinerator, is a useful feature. 
Pictures, heavy curtains and all unnecessary furniture should be re- 
moved, hard wood floors well covered with removable carpets, windows 
well shaded and in summer properly screened. A hospital single bed, 
twenty-six or twenty-eight inches in height, should be so placed as to be 
accessible from all sides. A soft hair mattress protected by a rubber 
sheet and resting on woven wire springs will give the patient the greatest 
comfort. The bed clothing should be light, the jiillow low, and all kept 
scrupulously clean. A day and a night nurse are essential for the best 
results. If the patient is a heavy man, a male nurse for night duty and 
to assist with the baths and other difficult attentions is a great aid. 
Efficiency and accuracy in the administration of the nursing routine 
are such important factors in the successful treatment of typhoid fever 
that nurses of the best training and highest intelligence should be 
selected. 

In the country and in humble city homes the nursing of necessity 
may have to be done by members of the family or other unskilled at- 
tendants. This puts a heavy burden on the physician who must carefully 
instruct the attendants in the details of feeding, baths, disinfection 
of excreta, etc. Explicit, written instructions for each day’s routine 
must be given. The physician even may be called upon personally to 
direct the baths and other difficult procedures. 

The nurse should keep a chart of the temperature, pulse, diet and 
atbenr clinical notes. Attendants should be warned of the significance 
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of the symptoms of hemorrhage and perforation and instructed to 
notify the physician immediately* 

With the patient’s immediate necessities provided for, attention must 
then be given to precautions against the spread of the disease. Every 
effort must be made to destroy the bacillus at its source or to prevent 
its penetration beyond the confines of the sick-room. The rules given 
in the section on Prophylaxis for the disinfection of the excreta and all 
infected clothing and utensils should be strictly enforced. 

The patient must have absolute physical and mental rest. He must 
not rise from the bed and the bed-pan and urinal should be used from 
the beginning. Some patients have great difficulty at first in adjusting 
themselves to such conveniences and the nurse may have to exercise much 
tact and persistanee in educating them. 

Gossipy visitors must be excluded from the sick-room. Members of 
the family should have but limited admission. All business and annoying 
problems should be kept from the patient. Efforts to amuse and divert 
him are permissible only when he is mildly ill or well advanced in con- 
valescence. 

During the period of convalescence great care is required in guarding 
against the infection of other members of the household. The discharge 
of bacilli does not always cease with the end of the febrile period. The 
patient may remain a temporary carrier for several weeks, and precau- 
tions against the spread of the infection must be continued until the 
stools and urine are free from typhoid bacilli. Two or three negative 
cultures of the excretions are necessary to insure safety. The food con- 
sumed by the members of the household should receive careful super- 
vision. Water should be boiled and all foods should be cooked. Finally 
all persons coming in contact with the patient or living in the Rouse 
should be protected by antityphoid vaccination. 

Diet. — The febrile period of typhoid fever lasts a month or more. 
It is attended by grave wasting of body tissue on one hand and by 
dangerous intestinal lesions on the other. The selection of a system of 
diet adequate to repair the waste, and of such a character as not to 
offend the diseased bowel, is one of the most important problems in the 
management of the disease. In the past the weight of authority has been 
in favor of a liquid diet of low nutritive value. The fear of hemorrhage, 
perforation and relapse has outweighed the fear of exhaustion. The 
tendency of modern clinicians, however, is toward giving food of greater 
variety and of higher caloric value. This tendency is the result of a 
more accurate knowledge of the metabolism in typhoid fever and the 
favorable experience of many able physicians with a liberal diet of high 
caloric content. Under the commonly prescribed fluid diet of low caloric 
value, the loss of weight during the course of the fever is progressive and 
often extreme. A loss of ten or fifteen per cent, of the body weight is 
usual, and it may be as great as thirty per cent, or more. A study of the 
food intake of a number of hospital cases under a milk and beef tea 
diet, made several years ago by the author, showed that the foqd 
value of the diet in these cases, until well into the period of conva- 
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lescence, rarely exceeded 1,000 calories and often was as low as 400 
calories per day. 

Metabolism in Typhoid Fever. — ^Von Hossliu, in 1882, studied a 
series^ of typhoid patients fed with a varied diet of rather low caloric 
value and concluded that foods were absorbed in typhoid fever almost 
as well as in health. A few years later several Russian experimenters, 
whose work is reviewed by Dubois, obtained similar results in studies 
made in Chadnowsky’s clinic. Von Leyden and Klemperer, in 1904, 
also found that the absorption of foods in typhoid is nearly equal to 
that in health. These experimenters, by liberal feeding, could prevent 
wasting, although they were unable to keep their patients in nitrogen 
equilibrium, despite the high protein content of the diet. Recently the 
conclusions of these earlier observers have been corroborated and ex- 
tended and the dietetic management of typhoid fever has been placed 
on a scientific foundation. In 1909, Shaffer and Coleman published the 
results of their work on protein metabolism in typhoid fever. This very 
important work, which fixed the attention of the profession on the 
possibilities of high caloric feeding in typhoid, was followeil by re- 
searches along similar lines by Dubois, Lusk, Ewing and others in this 
country and by Kocher in Germany. The results, in part, of these in- 
vestigations, upon which are based the efforts of modern clinicians to 
maintain metabolic equilihrmm during the long febrile period of typhoid 
f every are embodied in the following: 

(1) The total body metabolism in typhoid fever increases with the 
rise in temperature and decreases as the temperature falls ; there is an 
average increase over that of the normal individual of about forty per 
cent. 

(2) Increased metabolism does not result from increased food intake 
as the metabolism of a typhoid patient on a liberal diet is but slightly 
raised above that of a fasting patient. 

(3) Food in large amount, at least when the protein is kept rela- 
tively low, does not increase either the heat production or the fever in 
the febrile stage of typhoid. Food in itself has little or no dynamic 
action in typhoid fever. 

(4) In typhoid fever there is a toxic destruction of protein, as shown 
by the negative nitrogen balance in the excretions. 

(5) It is impossible to maintain nitrogen equilibrium on a diet con- 
taining an excess of protein and fat. With a diet carrying an excess 
of carbohydrates, and 'representing a daily intake of from 3,000 to 5,000 
calories, nitrogen and weight equilibrium can be maintained, and even 
a gain in weight may be shown during the febrile period. 

(6) Protein and carbohydrates can be absorbed throughout the 
disease as well as in normal individuals. Fat in large amount can be 
absorbed, but the percentage of absorption is somewhat lower than the 
normal, especially in the first and second weeks. 

> From the time of Graves, who wished his epitaph to be “He fed 
fevers,^’ a few bold clinicians have advocated departure from the almost 
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universal practice of limiting food in fevers to liquids of low caloric 
value. Trousseau and Flint in their day, and F. C. Shattuck of Boston, 
Kinnicutt of New York, Barrs of Leeds and Buchuyev of Russia of the 
present period, have insisted that typhoid patients were underfed. In 
this country Shattuck ’s influence has been very great, and many practi- 
tioners have followed his teaching and have adopted a more liberal and 
varied diet in their treatment of typhoid. With the support recently 
given from the laboratory side by Coleman and his collaborators, the 
high caloric diet is meeting with the recognition it seems to deserve. 

The value of a high caloric diet in typhoid fever must be determined 
by the results obtained at the bedside. Theoretically it is better for a 
febrile patient to be on a diet that will maintain metabolic equilibrium, 
provided he can digest and absorb it. Starvation is no more beneficial to 
a febrile patient than to a person in health. The question is, can the 
typhoid patient take sufficient food to hold his weight and not give 
rise to digestive disturbances more harmful in the end than a moderate 
loss of body weight? Liberal feeding is in favor with the i)rofession at 
the present time, and accumulated clinical experience should soon put 
the question beyond controversy. The feeding of typhoid patients up 
to the limit of their digestive capacity requires good clinical judgment 
and careful individualization. The dangers of overfeeding are distinct 
and it is often very easy to overstep the limits of safety. Many patients 
cannot take or digest the theoretical food requirement during the early 
febrile period. The physician must then be content with a moderate loss 
of weight and hold himself on the alert immediately to take advantage 
of an improved digestion to raise the food intake to the quantity neces- 
sary to balance tissue waste, A loss of from five to ten pounds during 
the period of high fever is not of any great importance. The had 
effects of underfeeding are due to the withholding of food in the periods 
of decline and convalescence when the appetite is returning and digestion 
has reached about its normal efficiency. 

The papers of Barrs, Buchuyev and Shattuck appeared at about the 
same time. Buchuyev ’s views were extreme. He gave solid food to all 
typhoid patients who could take it, from the time they came under obser- 
vation. Meat, bread, eggs, milk and cereals were included in the diet. 
He reporte<l 31)8 cases with a mortality of 8.2 per cent. Only four were 
complicated with hemorrhage and one with perforation. The number 
of relapses is not given. 

Barr's diet included minced meat, bacon, eggs, milk, bread and 
butter, cereal puddings, custards, stewed fruits and sponge cake. These 
articles were given in cases with moderate fever, an evening temperature 
of 102° F. (38.9° C.), and solid foods were not urged upon the patient, 
but given if asked for. 

Shattnck^s dietary included a wide range of foods, all of them of 
easy digestibility, high nutritive value and giving a small undigested 
residue. He gives the following list of articles and preparations which 
is suggestive rather than exhaustive : ^ 
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All liquids, including broths and cocoa. 

Soups — puree of oysters, clams, potato, etc., carefully strained. 

Gruels — strained, if containing rough particles. 

Ice cream, blanc-mange, junket, milk ^oast without crust, sherbet- ^ 

Eggs — raw, soft boiled, lightly scrambled. 

Meat — finely minced, scraped raw beef. 

The soft part of raw oysters, macaroni, rice. 

Orange and grapefruit juice. 

The soft part of baked or stewed apples. 

In the Massachusetts General Hospital, from 1902 to 1910 inclusive, 
491 cases .of typhoid came under Shattuck’s personal care and were given 
a liberal diet. There were 45 deaths — a mortality of 9.1 per cent. Dur- 
ing the same period there were 2,160 cases fed on liquids under the 
care of other members of the staif. Of this group 238 died — a mortality 
of 11 per cent. 

These statistics indicate that a liberal diet which includes a few 
simple and easily digested solid foods is not productive of harm, at 
least in the hands of expert clinicians. On the other hand it must 
be emphasized that thoughtless attempts to force feeding with solids in 
all typhoid eases, regardless of the condition of the patient, will often 
result seriously. 

The studies of Coleman and his associates on the metabolism of 
typhoid fever, controlled by abundant clinical demonstration, have 
placed high caloric feeding upon a scientific and practical basis. A daily 
intake of from 60 to 80 calories per kilogram of body weight — a total 
of 4,000 to 5,500 calories — are necessary to obtain nitrogen and weight 
equilibrium. Coleman has shown that nitrogen balance can best be main- 
tained by a diet with a moderate protein content. The optimum is 
from 62 to 94 grams of protein, representing 10 to 15 grams of nitrogen. 
Carbohydrates are the most important source of energy requirement and 
should constitute about one-half of the daily ration, reduced to calories. 
Fats, with their high yield of energy, are utilized in all stages of the 
disease. They are better borne and more completely absorbed in the 
third and fourth weeks and in convalescence. 

Coleman advocates a diet consisting largely of milk, cream, butter, 
lactose and eggs, in combinations that will yield the necessary protein 
requirement and represent from 3,000 to 5,000 calories a day. Milk 
apd eggs are the chief source of protein. From four to six eggs may 
be given in twenty-four hours. Carbohydrates are contained in the 
milk and cream. Lactose added to the milk and other foods supplies the 
bulk of the carbohydrate content. Fat is contained in the milk, cream, 
butter and the yolk of eggs. 

The formulas suggested by Coleman, of milk, cream and lactose, 
giving food values from 1,000 calories up, will be found convenient as 
a basis in building up the dietary of the typhoid patient. 
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Formula Giving 1,000 Calories a Day 


Milk, 1,000 c.c. (1 quart) 700 calories 

Cream, 20 per cent., 50 c.c. (1% oz.) . . . 100 

Lactose, 50 grams (1% oz.) 200 


For eight feedings, each containing 130 c.c. (4% oz.). Approximate 
composition: Protein 36 grams, carbohydrate 97 grams, fat 50 grams. 

Formula Giving 1,500 Calories a Day 


Milk, 1500 c.c. (1% quarts) 1000 calories 

Cream, 50 c.c. (1% oz.) 100 “ 

Lactose, 100 grams (3% oz.) 400 


For six feedings, each containing 260 c.c. (8% oz.). Approximate 
composition: Protein 50 grams, carbohydrates 175 grams, fat 70 grams. 

Formula Giving 2,000 Calories a Day 


Milk, 1500 c.c. (1% quarts) 1000 calories 

Cream, 250 c.c. (8^^ oz.) 500 

Lactose, 125 grams (4 oz.) 500 “ 


For seven feedings, each containing 250 c.c. oz.). Approximate 
composition: Protein 55 grams, carbohydrate 200 grams, fat 110 grams. 

Formula Giving 2,500 Calories a Day 


Milk, 1500 c.c. (1^ quarts) 1000 calories 

Cream, 250 c.c. (8% oz.) 500 ‘‘ 

Lactose, 250 grams (8% oz.) 1000 “ 


For seven feedings, each containing 250 c.c. (8^^ oz.). Approximate 
composition: Protein 55 grams, carbohydrates 335 grams, fat 110 grams. 

Formula Giving 3,000 Calories a Day 


Milk, 1500 c.c. (11/^ quarts) lOOO calories 

Cream, 500 c.c. (1 pint) 1000 ‘‘ 

Lactose, 250 grams (8% oz.) 1000 “ 


For eight feedings, each containing 250 c.c. (8% oz.). Approximate 
composition : Protein 60 grams, carbohydrate 345 grams, fat 160 grams. 

The daily protein requirement may be obtained by the addition of 
from three to six eggs to any one of the formulas. For example^ four 
eggs added to the first formula will increase the protein content to 62 
grams, the fat to 74 grams, and the total calories to 1,320. Almost any 
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modification of the composition and energy value of the daily diet may 
be made by the addition of various allowable foods to some one of the 
milk formulas. In this way the diet can readily be adapted to the con- 
dition of the patient at any stage of the disease. 

Sample Diet, Containing Approximately 90 Grams op Protein 
AND 3,000 Calories. — P ood administered in ten feedings, every two 
hours during the day and every three hours during the night : 

220 c.c. (7 oz.) of the milk formula, giving 1,500 calories, is admin- 
istered at one, four and nine oVIock a. m., and at one, three, seven and 
ten o’clock p. m. 

Seven o^clock a. m. — 1 egg, 1 oz. (30 grams) bread or toast, oz. 
(15 grams) butter, 1 cup of coffc'e, 2 oz. (60 c.c.) cream, % oz. (10 
grams) sugar. 

Elei^en o^clock a. m. — 4 oz. (120 c.c.) bouillon, 1 egg, 1 oz. (30 grams) 
mashed potato, 1 oz. (30 grams) toast or crackers, % oz. (15 grams) 
butter, 4 oz. (120 grams) custard. 

Five o^clock p. m. — 1 egg, 4 oz. (120 grams) boiled rice, 1 cup of tea, 
3 oz. (90 c.c.) cream, V 2 oz, (15 grams) sugar, oz. (10 grams) butter. 

The following table gives a number of foods available for feeding the 
typhoid patient during the febrile and early convalescent periods, with 
their approximate composition and caloric value. For convenience, the 
composition is expressed in the number of grams and calories contained 
in one ounce, approximately 30 grams. Small fractions have been 
omitted. The figures are necessarily only approximate, but are suffi- 
ciently accurate for practical use in the ward or sick room. 

Tabt.e 7. 


Grams of Protein, Fat and Carbohydrate, and Number of 
Cai^ories Contained in 1 Ounce (30 Grams) 


• 

Protein 
grams 
per oz. 

Fat 
grams 
per oz. 

Carbohydrates 
grams 
per oz. 

Calories 
per oz. 

Milk Foods: 


IHIIII 




Whole Milk 



1 

.5 

20 

Cream, 20% . . 



1 

.3 

60 

Butter Milk 



1 

.5 

10 

Fermilac 


.6 

1 

.5 

14 

Skimmed Milk 


.1 

1 

.3 

10 

Whey 

Condensed Milk, 

.3 

.1 

1 

1 

.5 

8 

unsweetened 

3.0 

1 3.0 

3 

.5 

.50 

Malted Milk, dry 

4.6 

2.2 

19 


119 

Butter 

.9 

1 25.5 



240 

Ice Cream 

1.6 

1 3.0 

5 

.3 

55 

Cottle Cheese 


.3 

1. 

.3 

35 

Full CS^am Cheese 

8.0 

10.0 


.7 

130 
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Table 7. — Ccmtinued, 


* I 

Protein 

Fat 

Carbohydrates 


1 

! grams 

grams 

grams 

v>aiuries 

1 

1 

j per oz. 

1 

per oz. 

per oz. 

per oz. 

Vereal Foods, uncooked: j 

i 




Wheat Flour, Farina 

3.3 

.5 

23 

no 

Oatmeal 

i 5.0 

2.2 

20 

120 

Cornmeal 

[ 2.8 

.6 

22 

106 

Rice 

2.4 


24 

105 

Pearl Barley 

1.5 

.3 

25 

107 

Imperial Granum 

3.3 

.2 

23 

105 

Mellin's Food 

2.3 


23 

100 

Cereal Foods, cooked: 





Wheat Bread 

2.8 

.4 

16 

80 

Crackers 

3.0 

2.8 

22 

125 

Shredded Wheat 

3.1 

.5 

24 

no 

Oatmeal, boiled 

1.0 


3.5 

18 

Rice, boiled 

1.0 


7.3 

34 

Macarcfni, boiled 

1.0 

.5 

5 

26 

Cereal Gruels 

.4 


2 

10 

Sponge Cake 

2.0 

3.2 

20 

115 

Potato, baked 

1.0 


6.0 

30 

Sugars: 





Cane Sugar ] ! 





Lactose > 



30 

120 

Glucose J 





FJggs 

1 Whole Egg, weight, 50 





grams 

6.0 

5.0 


70 

White, 1 Egg 

3.6 



15 

Yolk, 1 Egg 

2.4 

5.0 


55 

Meat Foods: 





Scraped Meat 

6.3 

3.2 


55 

Meat Juice, home made . . 

1.5 

.15 


7 

Meat soup, broths, bouillon 

1.4 

.1 

.4 

8 

Beef Juice, Valentine 

3.0 



12 

Meat Juice, Wyeth 

11.4 ! 



45 

Beef Extract, Armour 

4.8 



19 

Panof>epton, 18% alcohol. 

2.0 


3.5 

60 

Liquid Peptonoids. 17% 





^cohol 

1.5 


3.2 

55 

Oysters 

1.7 1 

.3 

1.0 

14 

Wines and Spirits: 





Rhine Wine ] 





Claret > 9% alcohol 




17 

Champagne J 





] 18% alcohol ... 




34 

Whiskey ] 





Brandy > 50% alcohol . . . 




105 

Rum j 






Milk and Milk Products. — Clean milk produced under the condi- 
tions that obtain in the modem welhconducted dairy is the most satis- 
factory single article of food for the typhoid patient. Except when 
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there is a definite contra-indication to its use, it should form the basis 
of the diet in the febrile period of the disease. The fact that, when 
properly prepared and administered, it is digested by the youngest 
infant, seems to be conclusive evidence that it is a food adapted to the 
enfeebled digestion of the adult febrile patient. 

Milk for the typhoid patient must be clean and of the best quality. 
Edsall has demonstrated, with his fever i)atients, the indigestibility of 
milk with a high bacterial count. Even clean milk, however, if given 
unmodified to the fever patient, may be the cause of indigestion, of 
tymiDanites and diarrhea. Undiluted milk will cause the same symptoms 
when given to healthy infants. This is met by the i)ediatrician by 
diluting and modifying the milk in such a manner as to adaj)! it to the 
digestive capacity and nutritive requirements of the infant. The lesson 
is j)lairi. If raw, unmodified milk causes indigestion in the fever patient, 
it may be made acceptable by modifying it after the manner of infant 
dietetics. In our experience we have found that the formulas of Cole- 
man make a very satisfactory fouTidation for a modified milk diet 
whether or not it is desired to push the daily intake to the full theoretical 
requirement. 

In cases in wliic'h milk is distasteful or not well borne, or in localities 
where good, fresh milk is not obtainable, a diet with plain milk excluded 
must be given, although preparations containing milk as an important 
constituent may be taken and wxdl digested. Suc'h arti(*les are con- 
densed milk, fermented milk, whey, junket, ice cream, custards, cream 
soups, cream ])uddings, cream cheese, tea, coffee and cocoa. 

(\iRBOHYDRATES. — The carbohydrates have an important place in the 
tyi)hoid dietary, l^usk and Shaffer and Coleman have shown that, in 
addition to their direct value as food, the carbohydrates have the prop- 
erty of s])aring body i3rotein both in afebrile and febrile conditions. In 
typhoid fever there is an increased need for carbohydrates and, unless 
this demand is met, the body protein wastes. Carbohydrates prevent loss 
of body protein to a greater extent than fat and even protein itself. 
The demonstration of this fact is one of the most imimrtant results of 
the recent studies in the metabolism of typlioid fever. There is also ex- 
I)erimental evidence that a diet rich in carbohydrates is unfavorable to 
the growth in the intestinal tract of organisms of the colon-typhoid 
group. 

Sugars are utilized to build up the caloric value of the typhoid 
dietary. Each ounce of any one of the sugars represents 120 calories. 
Milk-sugar is the most important of the group. This carbohydrate is 
easily digested and does not easily ferment. It is not very sweet and can 
be given in large amounts in the milk formulas, in beverages, and as 
the sweetening ingredient in various food preparations like ice cream, 
custards, gruels, etc. Prom eight to sixteen ounces or more may be given 
daily, and Coleman has found that these large amounts are well borne 
and do not cause digestive disturbance or predispose to tympanites. 
Cane-sugar is too sweet to be given in large quantity ; one or two ounces 
a day may be given in lemonade and other beverages. Glucose and malt- 
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sugar are occasionally of use. In emergencies glucose is available for 
rectal and subcutaneous feeding. 

Cereals. — Cereals and other farinaceous foods carry a high carbo- 
hydrate content and a small percentage of vegetable protein. Bread, 
crackers, zwiebak, cereal gruels and puddings, porridge and mashed 
potatoes are light foods which can safely be given both in the febrile 
stage and in early convalescence. In cases in which milk must be ex- 
cluded from the diet, the cereals in the form of gruel and porridge will 
have a i^rominent place. Milk and cream may be made more digestible 
and often are better borne if diluted with a gruel, whereas, if given pure, 
these foods would disagree. In the early stage of typhoid, when diges- 
tion is greatly impaired, the gruels are of especial value. All cereals 
must be thorough]y boiled and strained. The proprietary farinaceous 
and malted infant foods may be of distinct value in cases in which 
digestion is seriously impaired or diarrhea is troublesome. They have 
about the same composition as wheat flour. 

Eggs. — Eggs form an important part of the typhoid dietary. They 
supply protein and fat in about equal proportions. Egg albumen is 
completely peptonized in the stomach, and the fat is well si)lit up 
before it reaches the ileum ; practically no undigested residue is left. 
From four to six eggs may be given in a day, soft boiled, coddled or 
beaten up with milk or one of the fruit juices. The white of egg is 
agreeably given as albumin water flavored with orange or other fruit 
juices and sweetened with lactose or cane-sugar. 

Meat Foods. — Meat soups, broths, beef tea and bouillon are home- 
made infusions of beef, mutton, veal, chicken or shellfish. They are of 
low nutritive value — from four to eight calories i)er ounce. They contain 
a small percentage of protein but, as usually pi'epared, they are simply 
solutions of meat salts and extractives. They are popular in the home 
sick-room, but should be classed rather as agreeable and stimulating 
beverages than as foods. They have a distinct and valuable function in 
stimulating appetite and digestion, and in small quantities are useful in 
certain stages of typhoid fever, particularly in the late febrile period 
and in convalescence. They often have a decided laxative effect and 
may excite or aggravate a diarrhea. By the addition to them of eggs, 
milk, cream or cereals, they may be made to carry considerable 
nutriment. 

Beef juice contains a relatively small quantity of extractives and 
from foi'ir to six per cent, of protein. This meat preparation is easily 
digested and is not apt to produce diarrhea. It is of value when milk 
cannot be given, and as the first step to the resumption of meat feeding. 
The raw meat flavor of beef juice is sometimes distasteful and can be 
disguised by serving the beef juice in broth, milk or sherry wine. The 
cream soups contain iliilk or cream, butter, flour and eggs and have a 
much higher nutritive value. They are agreeable and readily digested. 

Gelatin in the form of calf’s foot jelly, wine jelly or the home-made 
product is a useful food in febrile states. In the form of iced bouillon 
it is very grateful to the patient. It acts as a fuel food, like the fats 
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and carbohydrates, but differs from them in this particular — that its 
oxidation products are eliminated by the kidneys. It digests quickly, 
being completely peptonized in the stomach in one hour. The pro- 
prietary meat preparations are in general of low food value, except for 
the alcohol they may contain. Peptonized meat preparations are objec- 
tionable, as they are often toxic and very apt to produce diarrhea. 

American practice is against the addition of meat to the typhoid 
dietary during the febrile period. It may be given in mild or uncom- 
plicated severe cases when the fever is declining or in early convales- 
cence. One-half to one ounce of scraped meat rolled into small balls 
and lightly broiled should be the first venture. Should this be well 
digested, the tender white meat of chicken or a broiled chop may follow. 
Until well into convalescence the quantity should be limited to from two 
to four ounces a day. It is quite common to see a rise of temperature 
follow the resumption of meat feeding. 

Fruits and Fruit Juices. — Cooked fruit, like apple sauce, which can 
be eaten as a soft pulp, is occasionally permissible in mild cases and 
when convalescence is well established. In all cases of severity the fruit 
acids are better given in the form of the fruit juices, lemon, orange, 
grape and grapefruit. They are excellent vehicles for the administra- 
tion of the white of egg and sugar. As lemonade, orangeade, etc., they 
agreeably assist the increase of the daily food intake. The fruit jellies 
dissolved in water and sweetened serve the same purpose. The fruit 
acids in excess may cause abdominal pain and diarrhea, and their effect 
should be carefully watched. 

Beverages. — Water, far above the quantity taken in health, is neces- 
sary for the nutrition of the febrile patient and for the elimination of 
the toxins of the disease and the end-products of increased metabolism. 
The conscious patient may be urged to drink frequently from a water 
bottle placed at his bedside ; the delirious or unconscious patient must be 
given water by the nurse every hour when awake, in as large amounts 
as he can be made to swallow. The quantity taken should be charted 
and the total twenty-four-hour intake summeii up for the information 
of the (physician at his morning visit. McCrae makes the rule that 
three quarts be the minimum daily intake. We are inclined to doubt 
the advisability of risking the possibility of cardiac overstrain by forcing 
water ingestion to the extent advocated by the late Doctor Cushing — 
two to four gallons a day. 

Lemonades, orangeades and other preparations, cracked ice, iced tea 
and coffee may be used to tempt the patient to increase the amount of 
fluids taken. Gravely toxic p^itients who cannot be made to take suf- 
ficient water by the stomach should be given saline solution per rectum. 
If the rectum is irritable and the demand urgent, intravenous or sub- 
cutaneous administrai^ion is justifiable. The course of typhoid fever is 
often made milder m patients who take water in abundance. The 
tongue remains moist and clean, nutrition is better; the toxic delirium 
and stupor are less severe. 

Tea, Coffee and Cocoa with Cream and Sugar. — These are grate- 
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fuL and stimulating nutrients. They may be given hot or iced. They 
are apt to interfere with, sleep and are best added to thc‘ morning meals. 
They gently stimulate the circulation and increase the urinary output. 
Strong coffee is a prompt and active cardiac stimulant in the shock of 
hemorrhage, perforation and other accidents. 

Alcohol. — The routine administration of alcohol in typhoid fever 
either as a food or as a stimulant is unnecessary and unwise. The ma- 
jority of i)atients go through the disease as well — perhaps better — with- 
out it. If other food of adequate caloric value is taken the addition of 
alcohol is superfluous. Children and young adults rarely require it, 
while it is often of distinct benefit to elderly patients and those ac- 
customed to its use in health. 

In moderate quantity and properly diluted it may be of great value 
as an emergency food in conditions of profound anorexia and at times 
when ordinary food cannot be taken or is not well borne. It does not 
prevent nitrogen waste, but spares fat and for a short period replaces 
carbohydrates in the diet. In febrile states especially it is rapidly oxi- 
dized, each gram of alcohol yielding seven calories, and one ounce of 
whiskey or brandy approximately one hundred calories. It is a direct 
stimulant to gastric secretion and motility, and hastens the absorp- 
tion of the products of digestion. In the intestine it stimulates peri- 
stalsis and acts as a carminative and mild astringent. 

In sudden circulatory failure alcohol acts as a stimulant, either re- 
flexly from the stomach, or, after absorption, as an equalizer of the cir- 
culation. In the profound toxemia of severe cases attended with increas- 
ing cardiac asthenia and grave nervous phenomena, it improves nutri- 
tion, supports the circulation and relieves insomnia, delirium and other 
exhausting nervous symptoms. In the early days of the convalescence of 
severe and complicated cases it may be of decided benefit as a stimulant 
to aiipetite and digestion and as a general tonic. The possibility of the 
formation of a habit must always be borne in mind and the remedy 
should be discontinued at Ihe earliest possible moment. 

The effect of the administration of alcohol should be carefully noted 
and unless results are favorable it should be discontinued. The begin- 
ning doses should be small — 2 to 4 drams of whiskey or brandy every 
four hours. It is rarely necessary to exceed one-half ounce every three 
hours, or four ounces in twenty-four hours. 

During the febrile period a well aged whiskey or brandy is gener- 
ally the most useful form for administration. The spirit should be 
diluted to an alcoholic strength of from five to ten per cent., one part of 
whiskey to from two to live parts of water. Claret or champagne — 
either clear or diluted with an effervescent water — may be better taken. 
Burgundy, sherry or port are more suitable for administration in the 
convalescent stage. Unless given to fill some special indication, alcohol 
is most effective when administered immediately before or with the regu- 
lar feedings. 

Management op the Diet. — The routine of the diet for each day 
should be prescribed by the physician at his morning visit. A feeding 
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chart should be kept by the nurse and the amount of food actually taken 
by the patient at each meal recorded. Each m 9 rning the total intake of 
food and fluids for the preceding twenty-four hours, with the approxi- 
mate composition and caloric content, should be determined. Food should 
be administered at regular stated intervals and in measured quantity. 
Two-hourly feedings is the rule in severe cases. The frequency of the 
night feedings will be governed by the condition of the patient. Sleep 
is rarely prolonged, and in many cases the two-hourly interval can be 
continued throughout the night wdthout interfering w^ith sleep. Drowsy 
and stuporous patients can be aroused without detriment. The sleep 
that may come after a long xjeriod of wakefulness or delirium should be 
interrupted only in cases of necessity. Patients mildly or moderately ill 
who take abundant nourishment during the day may be allowed to sleep 
the night through or may be given one or two early morning meals. 

For the first two days after the patient comes under observation only 
fluid food in moderate quantity should be given. Four ounces of milk 
diluted with two ounces of water or cereal gruel may be given every 
three hours. Following this the milk formula containing 1,000 calories 
may be giA^en and the intake increased as rapidly as the patient’s di- 
gestion will permit. Coleman has very juoperly einx^hasized the neces- 
sity of cautiously and gradually attaining the desired maximum food 
intake in an individual case. In the early period of the disease it is 
often impossible to x>^isb the intake above 1,500 calorics without excit- 
ing a digestive upset. 

As soon as it is shown that the milk formula is well borne the food 
may be increased by from 200 to 300 calories a day, until the daily intake 
is 3,000 to 4,000 calories, and the interval between meals shortened to 
two hours. One or more eggs, a cerc^al with cream, soft toast, (nistard, 
broth and other ax>proi)riate foods may be added and the effect of each 
article carefully observed. The stools should be frequently examined 
for curds and other undigested particles of food. 

The appearance of abdominal discomfort or distention or of diarrhea 
is a signal for x^i’ompt revision of the diet. Relief may be obtained by 
a change in the x>roj)()rtion of the various articles in the diet, or it may 
be necessary for a day or two to return to diluted milk, albumin water, 
gruel or broth feedings at longer intervals. A complete rest of the 
stomach for several hours may be advisable. We have seen the fever 
decline and toxic delirium abate as a result of a short period of food 
restriction and increased elimination. By observing these precautions 
the optimum diet for a given case can be attained with a minimum of 
risk. 

Hydrotherapy. — The cold bath is the most efficient measure we pos- 
sess to combat pyrexia, toxemia and many of the grave symptoms and 
complications of typhoid fever. Since the earliest times the cold bath, 
administered in various ways, has had periods of x><>P^larity. James 
Currie, of Liverpool, proposed the cold effusion treatment in 1787, and 
it was extensively used in England and other countries. In the great 
British epidemic of 1817 to 1819 the method of Currie was followed 
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•with perseverance, only to be abandoned later. The water cure had 
become a system of qnackery and was shunned by the profession. In 
America, Robert Jackson employed the cold bath in the treatment of 
fevers as early as 1774. Nathan Smith, writing in 1824, was an earnest 
advocate of hydrotherapy, and he considered the cold bath the only 
remedy that favorably influenced the fever. B. Brand, of Stettin, in 
1861 revived the cold bath treatment, and his numerous publications 
and favorable statistics fixed the attention of the medical profession on 
the value of hydrotherapy in the treatment of acute febrile and toxic 
states. 

The cold bath given as a routine from the onset in all cases of typhoid 
fever, and with the exact technic advised by Brand, has not been popu- 
lar outside of Germany. In America, tub baths, modified from the 
Brand method, have been extensively used in hospitals and to a more 
limited degree in private practice. Hydrotherapy in some form may be 
considered an essential part of the therapeutics of the disease. 

The Tub Bath. — Brand Cold Friction Bath . — This is administered 
from the onset of the disease every 3 hours, when the rectal temperature 
is above 102.5°P. (39.2°C.). The patient is first given a stimulant — 
one-half ounce of whiskey, or, what is preferred by many, four ounces 
of hot, strong coffee or tea. He is then undressed and covered with a 
sheet or a napkin around the loins. Pledgets of cotton arc put in the 
ears and the dry skin of the hands and feet covered with vaseline. A 
rubber bathing-eap is desirable for women. The patient’s face is bathed 
with ice water and a cold water compress applied to the head, and he 
is gently lifted by two attendants from the bed into the portable tub 
placed at the bedside. Adjustable strips of canvas clamped to the sides 
of the tub make a comfortable rest for the patient’s body and legs. The 
tub is filled with fresh water, not above 70°F. (21.1 °C.) or below 65°P. 
(18.3'’C.). The entire body and extremities are submerged. The head 
is supported by an attendant, or on. a suitable head rest. Continuous 
brisk friction of all the skin surface is an essential part of the bath, 
especial attention being given to the extremities. Repeated effusions to 
the head with cold water are very important in cases with predominant 
nervous symptoms. The duration of the bath is twenty minutes, unless 
untoward symptoms require it to be shortened. Complaints of chilliness 
and blueness of the fingers are usual and are not indications for ending 
the bath. Continued chattering of the teeth, cyanosis of the face and a 
weak pulse demand removal. 

At the end of the bath the patient is lifted from the tub, gently 
dried, except over the abdomen, and lightly covered in bed with a sheet 
and blanket. Hot- water bottles are placed at the feet. Another hot drink 
and, a little later, food may be given. • The temperature is taken one- 
half hour after the bath. A fall of from one to three degrees is usually 
noted. At the end of three hours the temperature is again taken, and 
if above 102.5°F. (39.2'’C.), the bath is repeated. 

Modified Tub Bath . — The cold bath of Brand, rigidly enforced, is 
heroic treatment, and most physicians prefer some modification of^ the 
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method that will make the bath more acceptable to the patient. By many 
the bath is not given until the patient’s temperature is above 103® or 
103.5®F. (39.4° or 39.7°C,). It is good practice to begin the bath treat- 
ment with the water at a temperature of 80° or 90°P. (26.7° or 32.2°C.) 
gradually reduced during the bath to 65° or 70°P. (18.3° or 21.1 ®C.) 
by the addition of cold water. As a rule we prefer to use such a gradu- 
ated tub bath until the patient’s confidence is obtained and his manner 
of reaction to the bath is determined. The warm bath gradually chilled 
is a modification particularly adapted to women, children and nervous 
men. The bath is begun with the water at a temperature of 3° to 4° 
below the temperature of the patient and cooled 3° or 4° every five 
minutes until it is below 90°P. (32.2°C.). The patient is then re- 
moved. 

The Bed Bath. — ^Properly given, the bed bath is a fairly satisfactory 
substitute for the tub bath. It is the preferred form of hydrotherapy in 
many hospitals and by many i)hysicians in the home treatment of typhoid 
fever. A shallow tub is made in the bed by a large rubber sheet. The 
sides of the sheet are stretched over a tightly rolled blanket placed on 
each side of the patient and held by clamps or long tapes tied to the 
bedstead. The ends of the sheet are stretched in the same manner over 
shorter rolls. The portable bath of the medical supply houses is very 
convenient, if available, or the sheet may be fastened to an improvised 
frame. Haven stretches two parallel ropes from the head to the foot of 
the bed and fastens the sides of the sheet to the ropes with clothes 
pins. 

In the bed bath the patient’s body is only partially immersed. The 
water is poured over the patient from a pail or pitcher, from large 
sponges or from the ordinary sprinkling pot. The trunk and extremities 
are continuously rubbed, as in the tub b^rth. The bath is continued for 
twenty minutes or made shorter if the condition of the patient demands. 
At the end of the bath the water is siphoned off with a rubber tube, 
the rubber sheet is removed and the patient lightly dried and covered 
with a linen sheet and blanket. As with the tub bath, a hot drink is 
given before the bath and after, if necessary, and cold compresses are 
applied to the head. 

The Sponge Bath. — The patient is placed on a rubber sheet large 
enough to protect the bed. Cold compresses are applied to the head and 
chest and renewed every few minutes. They may also be placed over 
the large vessels under the arms and along the inner surfaces of the 
thighs. The sponges should be large and carry an abundance of water. 
The trunk and each extremity are successively bathed and rubbed, the 
whole bath lasting twenty minutes. The patient may be dried and cov- 
ered as in the other baths, or allowed to remain five or ten minutes in a 
wet sheet and covered with blankets. 

Influence of Hydrotherapy on the Course of Typhoid Pever. — 
As a rule the best results are obtained from tub baths ; bed baths with 
effusions rank next in efficiency ; sponge baths are the least disagreeable 
to the patient and have the least influence on the pyrexia and toxemia. 

VOI*. IV — as 
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1. The febrile period of typhoid fever is not shortened by hydro- 
therapy, except that the baths may prevent complications that prolong 
the fever beyond the normal period. The immediate effect of the bath 
is to reduce the temperature from one to four degrees. The reduction is 
transitory and the temperature returns in a short time to its former 
height. During the remission the patient usually feels better. In the 
early stage when the temperature is in the ascendant, and during the 
height of the febrile period, the fall of the temperature after the bath 
may be insignificant; exceptionally a rise of a degree or more is seen. In 
the period of decline a sharp remission that continues for several hours 
is usually noted. It must be emphasized that the extent of the drop in 
the temperature is not necessarily a measure of the good effect of the 
bath. The degree of improvement in the general condition of the pa- 
tient is of more significance. 

2. Toxemia is reduced by hydrotherapy. Diuresis is increased, and 
the general improvement in the symptoms attributed to the presence of 
toxins in the circulation point to their increased elimination. The typhoid 
state is rarely seen when systematic bathing is carried out. The good 
effect of the bath is best seen in severe cases with delirium, stupor, 
subsultus tendinnin and other symptoms of profound toxemia. In these 
cases the bath — preferably the tub bath — with the water tempered to 
fit the condition of the iiatient is a life-saving measure and should be 
given thoroughly and conscientiously. 

3. The circulation is improved. The heart a(*tion is slowed, the pulse 
becomes smaller and firmer and the blood ])ressure rises 15 to 20 mm. 
Vasomotor paresis is lessened and the circulation is equalized. Thayer 
found a hyperleukocytosis immediately following the cold bath, and 
Gay suggests that this result may explain its beneficial effect. 

4. The full respirations that are stimulated by the bath relieve pul- 
monary stasis. Passive congestion of the lungs, bronchitis and broncho- 
I)neumonia are less frequently seen and are favorably influenced if 
present. 

5. The skin is kept clean and healthy and the liability to bed-sores is 
diminished. Thayer has found that the addition of alum, one-half 
pound to the tub, is of value in the presence of boils and other skin 
infections. 

6. The mortality rate is lowered. Hospital statistics show a decided 
reduction in mortality with the introduction of routine bath treatment. 
Osier, from his experience at the eTohns Hopkins Hospital^ although de- 
ploring the disagreeable features of the bath, believed that it saved from 
six to eight patients out of every hundred. The general experience also 
in the larger hospitals of New York and Philadelphia was that the mor- 
tality under the cold tub treatment w’^as reduced approximately fifty per 
cent. The figures of the Brisbane Hospital, Australia, published by F. B. 
Hare, give a mortality of 14.8 per cent, in 1,828 cases treated by the 
expectant method, and 7.05 per cent, in 1,902 cases treated after the in- 
troduction of hydrotherapy. 

The bath in itself, however, may not be the only factor in the pro- 
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duction of the lowered mortality. The tubbed patient is, as a rule, better 
fed, better nursed and more closely watched than the patient treated 
on the expectant plan. Shattuck’s results at the Massachusetts General 
Hospital were equally good with liberal feeding, good nursing and hy- 
drotherapy in the form of sponge and bed baths. The recent advocates 
of an abundant diet in typhoid fever state that the beneficial effect upon 
the course of the disease and the lowered death rate that result from 
the cold bath treatment can be obtained as well without the baths if the 
patient is abundantly nourished. Coleman believes that high tempera- 
ture is a danger only when the patient takes insufficient food, and that 
tubbing is unnecessary if the patient is well fed. He believes that hydro- 
therapy owes its value to reduction in the total metabolism. If this 
can be covered by food, the cold bath loses its purpose. 

With all allowance for the enthusiastic statements of the advocates 
both of tubbing and of feeding, it may confidently be stated that hydro- 
therapy and liberal feeding are the fundamental modem improvements 
in the treatment of typhoid fever. Widely used they together will carry 
the patient through his long illness with the least possible discomfort 
and danger. 

Brand and his followers urged that all typhoid patients should be 
treated by the cold tub bath. At the present time the rigid Brand treat- 
ment is carried out only exceiitionally. In many hospitals where the 
method was systematically used for several years after its introduction, 
it has given way to milder forms of hydrotherapy. Patients are indi- 
vidualized and the various hydro therapeutic methods are adapted to the 
condition of the patient and his environment. 

In mild eases tubbing is unnecessary. A cold sponge bath morning 
and evening arc requisite for cleanliness, and should be a routine measure 
ill all cases. Two or three additional sponge baths may be given through 
the day, should the afternoon temperature reach 103°F. (39.4°C.). Cold 
compresses to the head, chest or abdomen for an hour or two at varying 
intervals may replace the antipyretic cold sponge. The ice-bag also is a 
grateful substitute. 

In cases of average severity the tub or bed bath will be indicated 
toward the end of the first week when the temperature reaches 103° F. 
(39.4° C.). From one to three tubs during the afternoon and evening 
exacerbation of the fever usually suffice. The temperature of the first 
baths should be from 85° to 95° F. (29.4° to 35° C.) and reduced during 
the bath and at subsequent baths, according to the manner of reaction 
of the patient and the influence upon the temperature, pulse, respira- 
tion and nervous symptoms. 

Severe cases should be tubbed from the outset, if possible. If the tub 
bath be not available, the bed bath thoroughly carried out should be 
substituted for it. The sponge bath alone is too feeble a substitute. The 
bath should be given every four to six hours if the temperature is above 
103°F. (39.4°C.), or with a lower temperature, if stupor, delirium and 
other toxic symptoms are marked. It will rarely be necessary to give 
more than three or four baths in the twenty-four hours. If a bath is 
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given about nine or ten o’clock in the evening the effect will often carry 
through to the time of the natural morning remission and further night 
bathing will be unnecessary. In highly toxic and stuporous cases the 
regular intervals should be maintained night and day. 

Tub baths should be begun with great caution or withheld entirely 
in gravely prostrated patients coming under observation late in the 
disease. Such patients are probably safer if treated with diligent nurs- 
ing, good feeding and a few gently given sponge baths. 

Infants and children respond well to the milder forms of hydrother- 
apy. Luke warm sponges, packs and bed baths are agreeable to them 
and are efficient. 

Elderly patients aie better sponged or bathed in bed. Reaction in 
such patients is sluggish and apt to be unsatisfactory. Usually they are 
better pleased and as well off if given the routine morning and evening 
sponge and only an occasional extra bath. 

Tub baths should be given with extreme care, or discontinued toward 
the end of the third week when sharp remissions mark the course of the 
temperature. Cardiac asthenia and the danger of hemorrhage and per- 
foration require that the patient be moved as little as possible. At this 
period the sponge bath is safer. Only the milder forms of hydrotherapy 
are permissible in the treatment of relapse. 

Contra-indications to the Tub Bath. — (a) In the Presence of 
Complications That Demand Absolute Rest. — Symptoms suggestive of 
hemorrhage or the appearance of blood in the stools require immediate 
interruption of all forms of hydrotherapy. Bathing should not be re- 
newed until several days have elapsed after the arrest of the bleeding. 
Abdominal pain, pointing to the onset of perforation, peritonitis, ap- 
pendicitis, cholecystitis or other acute abdominal inflammation, is a 
contra-indication. Phlebitis, pleurisy, severe bronchitis and other com- 
plicating infections, remote from the abdomen, demand temporary or 
permanent suspension of antipyretic baths. 

(6) In the Presence of Conditions or Complications Marked by Ex- 
treme Weakness. — Constitutionally feeble, anemic and obese patients, 
and subjects of arteriosclerosis, chronic nephritis, chronic alcoholism or 
tuberculosis should not be treated with cold tub or bed baths. 

Specific Therapy 

The specific therapy of typhoid fever by serums and vaccines is still 
in the experimental stage. The results obtained by a number of experi- 
menters are encouraging, but not conclusive. In inexperienced hands 
the method is not without danger and it should be used only after care- 
ful study and full precautions against untoward effects. If possibU 
patients receiving such treatment should be in hospitals where results 
can be carefully observed and recorded. 

Serum Therapy: Passive Immunization. — A variety of methods of 
preparation of immune serums have been used. Von Yahseh and Walger 
used the blood serum of recovered cases of typhoid fever. Koeni^f^t 
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injected subcutaneously the patient's own blood serum in daily doses of 
2 e.c, to 4 c.c. Horses, sheep and other animals have been used as sources 
of immune serums. Chantemesse employed a serum obtained from 
horses by immunization of the animals with a soluble typhoid toxin pre- 
pared from the filtrates of a five or six days' growth of the typhoid 
bacillus on a bouillon medium containing splenic pulp and defibrinated 
human blood. One thousand eases treated by this serum showed a mor- 
tality of 4.3 per cent. In the Paris hospitals during the period that these 
cases were treated the mortality was 17 per cent. Rodet produced a 
serum from horses by the intravenous injection of dead bacilli followed 
later by the injection of living bacilli and toxic bacterial extracts. Rodet 
treated 400 cases giving from 10 to 20 c.c. of the serum subcutaneously 
every other day. In cases treated early the course of the disease was 
markedly shortened. Etienne observed the same favorable results in 200 
cases treated in this manner. 

In order to guard against serious anaphylactic reaction, intravenous 
injections of any serum should be preceded by desensitization of the 
patient by the preliminary subcutaneous injection of 0.5 c.c. of the serum 
to be used. Evidence of hypersensitiveness is a contra-indication to 
further serum treatment. 

Vaccine Therapy: Active Immunization. — The treatment of typhoid 
fever by antityphoid vaccine seems to be on firmer ground. The remark- 
able success of preventive antityphoid vaccination has given encourage- 
ment to the use of vaccines for the treatment of the established disease. 

Fraenkel first treated typhoid fever by the subcutaneous injection of 
killed bacilli, in 1893. Many small groups of cases treated by antity- 
phoid vaccines prei)ared by a variety of methods have been reported. 
Although many of these reports are very imperfect, the impression is 
gained from their study that vaccine treatment tends to shorten the 
course of the disease, lessen the number of complications and relapses, 
and reduce the mortality. 

On the basis of experimental work on rabbits by Gay and Chicker- 
ing, Gay was encouraged to treat tyi)hoid fever by the intravenous in- 
jection of a sensitized vaccine sediment. This vaccine, owing to its 
sensitization and the removal of endotoxins, is not followed by untoward 
effects. The initial dose is 1/50 milligram, corresponding to 150 millions 
bacilli, administered intravenously. Gay reports 98 cases treated by this 
method. Treatment was begun on the average on the thirteenth day of 
the disease; 33 cases were aborted, 32 were benefited and 33 were 
not affected. The mild cases reacted better to the treatment, and analysis 
of the results shows a distinct shortening of the febrile period. Compli- 
cations occuri*ed in 13.2 i)er cent, of the cases ; hemorrhage in 4 per cent, 
and perforation in 2 per cent. Relapse occurred in 10.2 per cent. The 
mortality was 6.6 per cent. 

The subcutaneous injection of moderate doses of vaccine in typhoid 
fever is not followed by any reaction of importance. There may be local- 
ized swelling and tenderness at the site of the injection and the evening 
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temperature of the day of administration may rise a degree or two higher 
than on previous days. 

Intravenous injection of a vaccine, however, is followed by a sharp 
and characteristic reaction. The phenomena of this reaction have been 
carefully observed and described by Gay. The injection is followed in 
from fifteen minutes to an hour by a chill which lasts from ten or fif- 
teen minutes. A sense of involuntary muscular contraction rather than 
of coldness accompanies the chill. A rise of temperature of one to three 
degrees occurs, which reaches the maximum within three hours after the 
injection and then falls to normal or below in about twelve hours. The 
pulse rate is increased, the blood pressure rises, and there may be slight 
cyanosis and respiratory distress. The fall in temperature is often at- 
tended by a i)rofuse sweat lasting several hours. Relief of unpleasant 
symptoms like headache is experienced, and the patient feels well. The 
rise in temperature after the injection is accompanied by a drop in the 
white-blood cell count to 3,000 or 2,000. As the temperature falls there 
is a rise in the leukocyte count to as high as 40,000, with a relative 
polymorphonuclear increase. This hyperleukocytosis is transitory and 
may be missed unless blood-counts are made at frequent intervals, every 
two hours. 

This general reaction following the intravenous administration of 
typhoid vaccine is not specific in character. Other foreign j>roteins in- 
troduced into the blood stream produce reactions of the same type. 

‘‘No detailed method of procedure can be prescribed for treating 
any given case of tyifiioid fever by this method. The best results seem 
to be obtained by provoking a distinct but not too severe reaction of the 
type outlined. The dose necessary to produce such a result varies 
markedly with the individual and the particular balance already estab- 
lished between the typhoid bacillus and the reaction antibodies in the 
host. The temporary drop of temperature to normal may become per- 
manent and remain there, in which case no further injections are re- 
quired, except for the prevention of relapse. If the temperature again 
rises over a period of two or three days, the injection should be repeated 
in slightly increased amount, and so on, until the desired result is pro- 
duced or further injections are judged futile. A considerable number 
of injections may be given with perfect safety. As many as fifteen or 
sixteen have been given in certain instances, but if no striking result is 
obtained following three or four injections at two or three day intervals, 
very little effect from further treatment may be expected (Gay). 

With experience of 1,200 injections Gay found that reactions like the 
above have not been harmful either immediately or remotely. Other 
observers, using different vaccines, have occasion^ly met with alarming 
or dangerous reactions. 

Typhoid vaccine for curative treatment is marketed by several com- 
mercial houses, in ampules or syringes containing from 100 to 1,000 mil- 
lions bacilli. It is identical with the prophylactic vaccine previously de- 
scribed. The practitioner is justified in using curative vaccine therapy 
if proper attention be given to dosage and the simple technic of ad- 
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ministration, and if his patient is in a hospital or at home under careful 
observation. The vaccine may be given subcutaneously or intravenously. 
The intravenous hiethod requires more careful attention to the dose and 
the details of administration. It is more liable to be followed by un- 
pleasant reaction phenomena. The initial dose should be small, and suc- 
ceeding doses increased slowly according to the reaction produced. 

Gay has summarized the recently published results of the vaccine 
treatment of typhoid fever: 2,582 cases were treated by 78 observers. 
An average of 65 per cent, of the cases were benefited. The average 
mortality was 11.6 per cent. 

A vaccine is often of distinct value in prolonged cases in which con- 
valescence is delayed, and in the treatment of local complications and 
sequels and the carrier state. 

Treatment of Symptoms and Complications 

Fever. — Fever is a defensive reaction to infection, and within certain 
limits it is — according to modern views — a conservative process. Its 
suppression is not always desirable and its violent reduction may be a 
clinical error. If the tissues are well fed and abundant excretion main- 
tained, a temperatui'e of the average height usual in typhoid fever is 
not in itself a source of danger. The chief danger in typhoid fever is 
the toxemia, the intensity of w’hieh is usually — ^but not necessarily — in- 
dicated by the height of the temperature. A grave toxic state may be 
l)resent with but little rise in temperature, while on the other hand the 
good effects of hydrotherapy in reducing toxemia are often manifest with 
practically no reduction in the temperature. Coleman finds, in the use 
of the high calory diet, that the temperature may be lightly regarded if 
the patient can take an abundance of food. 

Hydrotherapy. — For the control of fever and the metabolic disturb- 
ances that go with it, hydrotherapy has proven to be the most efficient 
remedial measure. The indications for the various forms of applica- 
tion of the bath treatment and the technic of administration have been 
considered in preceding pages. 

Antipyretic Drugs. — The synthetic antipyretic drugs reduce tem- 
perature by their action on the heat-regulating nervous mechanism, low- 
ering the point at which the temperature is maintained. They increase 
the dissipation of heat, and this is brought about by dilatation of the 
cutaneous vessels. Collapse often follows their too rapid action. They 
have no beneficial influence upon the toxemia of the disease. The coal- 
tar antipyretics, therefore, have no place in the treatment of typhoid 
fever. They are circulatory depressants and their routine use is harm- 
ful. The administration of these drugs in the early stage of typhoid 
fever tends to confuse the diagnosis and divert attention from proper 
methods of treatment. Given later in the disease, when the myocardium 
is weak and violent reactions are apt to follow the use of any antipyretic 
measure, they are a positive danger. 

An occasional single dose of one of the more slowly acting members 
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of the group, pyramidon or phenacetin, may not be harmful when given 
to relieve a painful 83 rmptom like severe headache, but other and less 
objectionable remedies are usually available to meet silch an indication. 

Quinin in large doses is an antipyretic. It acts directly upon the 
tissues, diminishing nitrogen metabolism. Erb advised the administra- 
tion of 20 to 30 grains (1.3 to 1.95 grams) in two doses during the 
evening of every second day, beginning in the latter part of the second 
week of the disease. The effect of the drug is prolonged, lasting from 
twenty-four to forty-eight hours. Like other antipyretic remedies its 
action is most pronounced in the declining period of the disease. 

Toxemia. — Free elimination should be maintained by the liberal ad- 
ministratioii of water. The tactful and persistent nurse may be able 
to give an abundance of fluids by the mouth. If not they must be 
introduced in other ways. Stuporous or commtose putients may be given 
water or nutrient fluids by the stomach tube, 500 c.c. to 800 c.c. (17 
to 27 fluid ounces) every eight or twelve hours. Small enemas, 300 
c.c. to 500 c.c. (10 to 17 fluid ounces) of normal saline may be given 
two or three times in the twenty-four hours. The solution should be 
of body temperature or slightly warmer and injected slowly. The 
continuous drop method is very satisfactory. Beginning every six to 
eight hours, 500 c.c. (17 fluid ounces) of normal saline may be given. 
The solution may be given a nutrient value by the addition of 2 per 
cent, of glucose. A diarrhea or an irritable bowel may interfere with 
this treatment. 

Hypodermoclysis may be resorted to if other methods fail. Prom 
1,000 c.c. to 2,000 c.c. (34 to 68 fluid ounces) of sterile saline solu- 
tion may be injected into the loose connective tissue under the breasts, 
in the axillary region or into the thighs — areas not subjected to pres- 
sure. Necrosis is a positive danger and the fluid must be given slowly 
and with great care. In desperate cases intravenous injection is justi- 
fiable. The solution must be prepared from distille<i water and the 
aseptic technic must be perfect. A chill and increased fever sometimes 
follow the injection. 

Oastro-intestinal Symptoms and Complications. — Severe vomiting 
is an unusual symptom in typhoid. When present, the stomach should 
be given rest for a few hours and no food or only the blandest fluids 
should be given. An ice-bag or a hot compress over the upper ab- 
domen is useful. Bits of ice or a carbonated water may be given, or 
frequently repeated teaspoonful doses of peppermint or chloroform 
water or chalk mixture. A hypodermic injection of morphin will re- 
lieve when other measures fail. Other obstinate cases will respond to 
gastric lavage. 

Abdominal Pain. — Severe abdominal pain is an important diagnostic 
sign of perforation and other grave abdominal complications. It should 
not be masked by an anodyne. It is imperative that opium be withheld 
at least until the cause of the pain is determined. Mild persistent pain 
is a symptom of indigestion and may be relieved by attention to the 
diet. An excess of fruit juices or cold drinks not infrequently excites 
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colicky pain. External applications with correction of the diet usually 
bring relief. The hot-water hag, electric heater or hot stupe are useful. 
A carminative, like peppermint, chloroform water or brandy may be 
given in addition. 

Constipation. — Constipation is the rule in typhoid patients who are 
carefully and properly fed. The condition is favorable and should not 
be interfered with by laxatives or purgatives. A single cathartic dose 
of calomel, castor oil or a saline may be given without harm if the case 
is seen at the beginning of the invasion period, although it will have 
no beneficial influence on the course of the disease. Repeated purgation, 
even in the first week, may excite a diarrhea difficult to control; after 
this time a cathartic is distinctly contra-indicated. The daily adminis- 
tration of a small soap and water enema will empty the lower bowel 
with the least disturbance to the inflamed and ulcerated small intestine. 
This routine should be kept up until convalescence is established and 
the bowel resumes its normal function. One ounce of a good brand 
of liquid petrolatum given each evening during the declining and 
convalescent periods is often a very satisfactory substitute for the enema. 

Diarrhea. — Diarrhea is not a necessary symptom of typhoid fever, 
and, when present, its cause should be carefully sought. An unsuitable 
diet is the common cause. It may be a symptom of extensive ulceration 
involving the colon, or of a severe infection. 

The appearance of diarrhea calls for an immediate revision of the 
diet. The total daily intake of food may be too high, or there may be 
an excess of some one article of the diet. The symptom can usually be 
controlled by a re-arrangement of the dietary. IMeat soups and extracts 
are a frequent cause. Milk or, more frequentlj^ cream is the offending 
article. The stools should be examined, and if curds are found the milk 
should be given more dilute or otherwise modified, or stopped entirely. 
In exceptional cases it*may he necessary to cut off all food for a day 
and give nothing except water by the mouth. As soon as the diarrhea 
is checked, feeding with albumin water, cereal gruels or whey may be 
begun and the diet again built up to the proper calory content, with milk, 
eggs, cereals and lactose. 

The semisolid foods in the high calory diets are not apt to cause 
the trouble. Coleman has found that patients entering the hospital 
with profuse diarrhea develop normal stools after a few days of high 
calory feeding. 

It has been shown that the putrefactive bacteria predominate in the 
stools of patients with persistent diarrhea, and that a favorable change 
to the fermentation type of intestinal flora may be brought about by 
increasing the carbohydrate content of the food — particularly the lac- 
tose. The administration of pure cultures of the Bacillus acidophilus 
has been suggested to hasten the transformation. 

Drugs may be necessary if the diarrhea resists the changes in the 
diet. Bismuth subnitrate or subcarbonate, 10 to 20 grains (0.65 to 
1,3 grams) suspended in chalk mixture, 2 to 4 drams (7.8 to 15.5 
grams) may be given every two to four hours. In severe cases opium 
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should be added to the bismuth, one to two teaspoonfuls of paregoric 
or 2 to 4 grains (0.13 to 0.26 gram) of Dover’s powder in capsule or 
syrup after each bowel movement. Given in this way the frequency of 
the dose of opium will be automatically regulated by the severity of the 
diarrhea. Tannigen, 5 grains (0.324 gram) every four hours, is a val- 
uable astringent. Very frequent movements with symptoms of irritation 
of the lower bowel may be relieved by enemas of starch water, 6 ounces 
(178 c.e.), and laudanum, 15 minims (0.92 c.c.). Prolonged colon irri- 
gation with warm saline solution is valuable in profoundly toxic cases 
with diarrhea and tympanites. 

Intestinal antiseptics seem to have the confidence of many practi- 
tioners for the control of diarrhea and tympanites. The author (Jen- 
nings) fails to observe any decided beneficial effect from their use. 
Salol is the drug most frequently prescribed. It may be given in 4 grain 
(0.26 gram) doses alone or combined with the chalk mixture and bismuth. 

Tympanites. — ^Although a common symptom and, when moderate, 
not a dangerous one, tympanites should always receive serious considera- 
tion. Once the bowel becomes overdistended tympanites is a grave com- 
plication and very difficult to relieve. It usually — but not necessarily — 
is associated with diarrhea, and the same causes may be responsible for 
the symptom. Faulty diet is the common immediate cause. In severe 
form tympanites is a manifestation of profound toxemia with paralysis 
of the musculature of the intestinal wall. 

The first appearance of meteorisra demands immediate attention to 
the dietary and revision in detail along the same lines as indicated for 
the treatment of diarrhea. An excess of lactose or other carbohydrate 
may be the error in one case or an excess of protein food in another. 
For the milder degrees of distention, after attention has been given 
to the diet, the ice-bag may be applied intermittently to the abdomen. 
A hot-water or turpentine stupe — made by wringing a flannel compress 
out of hot water containing one teaspoonful of turpentine to the quart — 
is the most useful external application. A hot turpentine enema — one- 
half teaspoonful to two quarts of water — will often give relief. If these 
simple measures fail a rectal tube may be passed carefully into the bowel 
and allowed to remain until expelled. 

By the mouth, the simple carminatives will aid in giving relief. 
Turpentine — 5 to 10 minims (0.3 to 0.6 c.c.), given in emulsion or soft 
capsule — is the most valuable internal remedy. 

Hypodermic injection of solution of pituitary extract — 1 c.c. (16 
minims) — or physostigmin sulphate — 1/50 grain (0.0013 gram) — should 
be given in severe cases. The remedies act as stimulants to the muscular 
wall of the bowel. 

Intestinal Hemorrhage. — The nurse should be warned of the pos- 
sibility of hemorrhage, and instructed to notify the physician at once at 
the first sign of blood in the stools, to stop the administration of all 
food and water, and to keep the patient absolutely at rest and wait 
further instructions. 

Hemorrhage is arrested by the formation of a clot in the ruptured 
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bleeding vessel. The available measures favoring eoagulation are (1) 
the arrest of intestinal peristalsis; (2) the administration of remedies 
which act locally upon the bleeding surface; (3) the administration of 
substances which increase the coagulability of the blood. 

The patient should be kept on his back with complete mental and 
physical rest. Every active and passive movement must be avoided as 
far as possible. All forms of hydrotherapy must be stopped. The pa- 
tient should not use the bed-pan or urinal, but should void his excretions 
in pads covering a draw-sheet. No food or drink should be given by the 
mouth. He may be allowed small pieces of ice to allay thirst. A large 
ice-bag should be applied to the abdomen. Opiates must be given with 
caution. Perforation and hemorrhage are frequently associated compli- 
cations. Opium masks the pain and other symptoms upon which the 
diagnosis of iJerforation depends, and this grave accident may be ob- 
scured until the favorable time for surgical treatment has passed. When 
the patient is very restless the necessary quiet may be obtained by the 
hypodermic administration of morphin.* 

Astringents by the mouth are probably without value and they now 
are little used in the treatment of internal hemorrhage. Turpentine, 
advocated by Murchison, 10 minims (0.6 c.c.) given in an emulsion every 
four hours, may be of use in adjmamic cases. Adrenalin has a selective 
action upon the splanchnic area, powerfully constricting the vessels. Its 
use has been strongly advocated by Porehheimer and others. It should 
be given by hypodermic injection, 1 c.c. (16 minims) of the 1-1000 
solution, or the same quantity diluted with 500 c.c. (17 fluid ounces) 
of normal saline, by hypodermoclysis. The possibility of increasing the 
bleeding by the rise in general blood pressure which it causes, before 
time is given for its local constrictive action, should be borne in mind. 

The salts of calcium increase the coagulability of the blood. Calcium 
lactate is the preferable salt, given in doses of 20 to 40 grains (1.3 to 2.6 
grams) every four hours. Injections of blood serum are sometimes of 
value. A number of preparations containing thromboplastin are put out 
by manufacturing chemists. They all markedly reduce the coagulation 
time of the blood. Prompt action may be obtained from them by sub- 
cutaneous or intravenous administration. 

In profuse hemorrhage, when the patient is in collapse and life is 
threatened, stimulants must be given even at the risk of further bleeding. 
Brandy, champagne, camphor and strychnin are valuable. The alco- 
holic stimulants are of particular value because of their food content 
and their feeble action on blood pressure. Normal saline administered 
by the drop method or by hypodermoclysis, in quantity just sufficient 
to lift the patient out of the collapse, is sound treatment. Transfusion 
of blood will save life when other measures fail. The perfection of the 
technic of the operation has made transfusion an easy and a safe thera- 
peutic measure. 

Food and water in small quantity should be begun on the second day 
after the cessation of the bleeding and gradually increased in quantity. 
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The feeding and routine in operation before the hemorrhage shoxild 
not be reached until four or five days after the bleeding has stopped. 

Perforation. — There is no medical treatment for perforation except 
measures to relieve pain. The complication is certainly fatal without 
surgical interference. Surgical council should be called immediately 
with the onset of symptoms suggestive of perforation, and the physician 
and the surgeon together should decide upon the advisability of opera- 
tion. If the diagnosis is reasonably certain and an expert surgeon is 
at hand there is no alternative to immediate operation. If the symptoms 
are vague and the diagnosis doubtful, decision is very difficult. Many 
operations have been done for suspected typhoid perforation when no 
perforation was found. The death rate in these cases has been high, 
not from the operation itself, but from the grave condition of the pa- 
tients at the time of operation. Of 19 such eases reported by Mitchell 
from the l^ennsylvania Hospital, 8 recovered and 11 died. The exact 
diagnosis of. perforation is so difficult, the danger of delay so great and 
the added risk from operation feo small, that exploration is justifiable 
if there is a reasonable suspicion that perforation has taken place. 
Most authorities will agree with the opinion of Mikulicz, the first surgeon 
to operate for typhoid iierforation, who said, “If there is suspicion, don’t 
wait for an exact diagnosis; explore immediately for it is free from 
danger.” 

Cholecystitis. — Rest, an ice-bag over the right upper quadrant, 
and anodynes to relieve pain make up the medical treatment of chole- 
cystitis. Urotropin in full doses, 75 grains (4.86 grams) or more a day, 
will inhibit the growth of organisms in the gall-bladder and may be 
given a trial. Mild cdses with moderate fullness of the gall-bladder 
usually recover under medical treatment. Severe ernes with great dis- 
tention and marked local and general symptoms may require chole- 
cystotomy and drainage. The operation is a dangerous one and should 
he advised only after full consideration. Perforation of the gall-bladder 
is a common accident in the severe cases and is uniformly fatal. Keen 
is “decidedly of the opinion that in distention of the gall-bladder prompt 
surgical interference is the best. It is far better to prevent perforation 
than to remedy it after it has occurred.” 

Nervous Symptoms and Complications. — Severe nervous symptoms 
are manifestations of toxemia and are much less frequently seen in 
patients who are well fed and systematically bathed. 

Headache. — Headache may be severe in the first week of the disease. 
It usually is softened and made endurable by a cold compress or ice-bag 
to the head. Bromid of sodium, 30 grains (1.95 grams), repeated after 
an interval of three hours, may give relief. In exceptional cases an 
analgesic may be required. The temptation is great to administer one 
of the synthetic antipyretics, but for reasons already given this 
should be withheld if possible. Probably no harm can come from tihe 
administration of 5 grains (0.324 gram) of pyramidon or pliaiiacetixi, 
repeated in one hour if necessary. If this fails to give relief it is better 
to discard the antipyretic drugs and allay the pain with a hypodermic 
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injection of codein, ^ grain (0.032 gram), or morpbin, % grain (0.^8 
gram). 

Insomnia. — Insomnia is best overcome by the bath treatment. A 
cool or tepid tub bath at eight or nine o ’clock in the evening will usually 
give a few hours of sleep. This should not be disturbed and the nurse 
should be instructed to time the administration of food and other atten- 
tions so as to give the patient as many hours of sleep at night as pos- 
sible. When the wakefulness is persistent one of the hypnotics may hi 
given: trional — 10 to 15 grains (0.65 to 0.97 gram), veronal or medinal 
— 5 to 10 grains (0.324 to 0.65 gram), or morphin — grain (0.016 
gram), hypodermically. In the insomnia of adynamic states, one-half 
to one ounce of whiskey or brandy often acts well. 

Delirium. — Delirium is controlled in the same manner as insomnia. 
A tepid or cold bath and ice to the head have a decided sedative influ- 
ence. Veronal — 2 grains (0.13 gram), every four hours, or p3rramidon — 

5 grains (0.324 gram) repeated in one hour, are useful. Morphin hypo- 
dermically will give these patients the rest that is absolutely necessary. 
Violent delirium may be quieted by lumbar puncture and the withdrawal 
of from 10 to 20 c.c. of spinal fluid. The delirious typhoid patient should 
never be left alone. 

Meningitis. — Meningitis is a very grave complication of typhoid 
fever. Lumbar puncture for diagnosis and treatment is a most valuable 
measure. In ineningismus and the serous form it may ward off a fatal 
result. The puncture may be repeated every second day. 

Cole believes that in typhoid meningitis the intraspinous administra- 
tion of an antityphoid serum is indicated, if the typhoid bacillus can 
be isolated from the spinal fluid, using the same technic that is employed 
in the serum treatment of meningococcus meningitis. 

Psychoses. — The delirium of the febrile stage may persist into con- 
valescence and merge into a posttyphoid psychosis. The treatment of 
this condition belongs to the alienist. The mental disturbance is largely 
an exhaustion phenomenon and is to be treated by supportive measures. 
High calory feeding during the febrile period prevents the profound 
exhaustion so often seen in convalescence and the well-fed patient rarely 
shows persistent mental disturbance. Many cases can be treated at home, 
but if the psychosis is prolonged and severe institutional treatment will 
be better. 

Circulatory Symptoms. — Myocardial. Weakness. — ^Myocardial weak- 
ness may be evident in the latter part of the febrile stage. When the 
blood pressure falls and the heart becomes rapid, weak and irregular 
cardiac stimulation is necessary. An ice-bag over the heart slows and 
strengthens ventricular contractions without the possibility of a drug 
reaction. Strychnin may be given: 1/40 to 1/20 grain (0.0016 to 0.0032 
gram) every four to six hours. In elderly patient Sy alcoholic subjects 
and those who have been unable to take adequate food, whiskey, brandy 
or wine is a valuable stimulant. It is rarely necessary to give more than 

6 ounces (178 c.c.) of whiskey or its equivalent in the twenty-four hours. 
A tablespoonful in hot sweetened water every three or four hours is 
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usually sufficient. If the heart becomes progressively more rapid and 
feeble, digitalis should be given. A standardized preparation in doses 
equivalent to 1% grains (0.0974 gram) of powdered digitalis may be 
given every six or eight hours for two days and then the interval between 
doses lengthened to twelve hours. In urgent ca^es the drug should be 
given hsrpodermically. Saline infusions, 500 to 750 c.c. (17 to 251/3 
fluid ounces) every six hours are valuable. In sudden and serious heart 
failure, camphor, caffein or ether may be given hypodermically and 
aromatic ammonia or compound spirits of ether by the mouth — ^ dram 
(1.88 c.c.) — frequently repeated. 

Phlebitis. — Absolute rest of the affected limb is necessary. It 
should be placed on a pillow slightly elevated, and all rubbing avoided. 
The leg may be covered with cotton and lightly bandaged or kept wet 
with a lead and opium lotion. An anodyne — morphin hypodermically — 
is often necessary to relieve pain. The leg must be kept quiet for at 
least a week after the acute symptoms have subsided, and for five or six 
weeks it should be little used. An elastic fabric bandage or stocking 
should be worn after the patient gets up and until the swelling subsides. 

Respiratory Symptoms and Complications. — Bronchitis — Pneu- 
monia — PuEURiSY. — The mild bronchitis which is so common in typhoid 
fever requires no special treatment. Severe bronchitis, pneumonia and 
pleurisy are treated in the same manner as when these diseases arc pri- 
mary. The bath treatment is an important prophylactic of the hypostatic 
congestion which so frequently leads to pulmonary infection. 

Laryngitis. — ^Ulcerative laryngitis may often be prevented, or serious 
results from it avoided, by careful and persistent oral antisepsis. If 
aphonia or dyspnea develop, inhalation of benzoin should be used. A 
spray of adrenalin — 1-1000 — may be used in an emergency to tide the 
patient over a period of danger. Whenever laryngeal obstruction is pres- 
ent an early tracheotomy under local anesthesia is imperative. Post- 
ponement of operation leads to chondrial necrosis with deformity, 
stenosis and loss of voice. ''All lesions disappear as if by magic after 
an early tracheotomy’' (Jackson). 

Urinary Symptoms. — Retention op Urine. — Retention of the urine is 
a symptom of importance and should be carefully watched for. It may 
occur early in the disease, before the patient has become accustomed to 
the use of the bed-pan or urinal. At this time it is usually nervous in 
origin and may be overcome by hot compresses to the hypogastrituU or 
hot rectal irrigations. Later it is a manifestation of profound muscular 
debility. Overdistention favors infection, and if not readily overcome 
by the above applications the patient must be catheterized. This must 
be done by the physician, or at least by an expert attendant. The Strict- 
est asepsis is required and urotropin should be given after the operation. 

BACiiAitjRiA. — Typhoid bacilli may be recovered from the urine in from 
25 to 30 per cent, of all cases of typhoid fever at some period of the 
disease. They appear in the third or fourth week or during convales- 
cence. The organisms may ^ass through the urinary tract without caus- 
ing any signs of inflammatory reaction, or a few pus cells in the urine 
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may indicate the presence of a mild pyelitis. Baeillnria or pyelitis yields 
readily to treatment by urinary antiseptics. If possible, frequent eul* 
tnres should be made of the urine toward the end of the febrile period 
and the administration of urotropin should be begun at once if bacilli 
are found. In the absence of means to demonstrate bacilli, the urine 
should be frequently examined microscopically and the antiseptics 
should be given if pus cells are present. It is good practice to anticipate 
the invasion of the urinary tract and give urotropin in the third and 
fourth weeks in all cases. Urotropin with acid phosphate of sodiunii 
10 grains (0.65 gram) of each, may be given three times a day. 

A persistent bacilluria or a pyelitis may yield to treatment by a 
typhoid or colon vaccine. 

Glandular System. — Either typhoid bacilli or the pyogenic cocci may 
invade the various glandular organs and cause an inflammation that may 
go on to abscess formation. Parotitis, mastitis and orchitis are the 
most common. The application of ice is the most generally useful meas- 
ure. Occasionally a hot compress will give more relief. When. suppurC’- 
tion occurs the treatment is surgical. 

Skin. — Bed-sores. — The treatment of bed-sores should be preventive. 
Both physician and nurse must assume a large part of the responsibility 
for the development of this complication. In certain profoundly toxic 
cases sloughing of dependent areas of skin may take place in spite of all 
precautions, but when bed-sores develop in cases of moderate severity it is 
evidence of careless nursing. Well-fed patients and those who are sys- 
tematically bathed rarely have this trouble. Frequent change of posi- 
tion must be insisted tipon. Clean linen and a careful make-up of the 
bed are essential. At least twice a day the skin of the lower back and 
buttocks should be inspected and rubbed with alcohol. Any areas of 
re<lness must receive special attention, and all pressure relieved from 
them by ring cushions. The suspicious areas should be cleansed with 
soap and water, bathed first with a weak bichlorid solution, and this 
followed with alcohol, and, finally, dusted with a borated talcum powder. 
For over-red and suspicious spots ichthyol collodion may be applied. 

If an actual break in the skin takes place, the treatment should be 
that of indolent ulcers under other circumstances. Perfect cleanliness, 
alcohol and zinc oxid ointment will usually suffice to stimulate healing. 
When the edges of the ulcer are undermined it may be packed with 
iodoform gauze, or with gauze moistened with balsam of Peru. 

Management op Convalescence 

The convalescent typhoid patient must be carefully watched and his 
activities controlled until well after the end of the fever period. Ex- 
perience with high caloric feeding shows that when it is possible to keep 
up an abundant diet during the febrile period, convalescence 5s shortened 
and the complications of this period made less frequent. 

As a rule the patient should be kept in bed for a week after the 
evening temperature becomes normal, and he may then be allowed to 
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sit up and gradually get on his feet. A little overexertion or excitement 
is very apt to bring on a recrudescence of the fever and there is always 
the menace of true relapse resulting from it. Patients who have been kept 
on a low liquid diet throughout the course of the disease are very sensi- 
tive to diet changes, and meat and other solid foods must be added 
with great caution. Abundantly fed patients have little trouble in 
passing to a full diet soon after the fever has abated. 

The possibility of hemorrhage and perforation is present during the 
convalescent period, and a diet leaving little residue after passing 
through the upper digestive tract must still be adhered to. Cathartics 
must be withheld, and a daily emptying of the lower bowel obtained by 
a simple enema. A well refined liquid petrolatum, one or two ounces a 
day, will often keep the bowels in good condition and replace the enema. 

Other complications and sequelie must be anticipated and promptly 
met. Secondary infections by the pyogenic organisms are not uncommon. 

The patient is still a carrier. Rigid care of the excretions is de- 
manded until repeated cultures from the urine and feces demonstrate 
that bacteriological recovery is complete. 

Some degree of anemia is usually present and a tonic of iron, quinin 
and strychnin is of value. 

The resumption of business requires caution. The patient ^s strength 
returns slowly and it may be two or three months before he is able to 
take up his former activities. A period of rest away from home sur- 
roundings will hasten his return to normal. 


Recrudescence and Reuapsb 

Any return of fever after convalescence has set in must be met by 
an immediate return to the rigid rest and diet regime of the febrile 
period. The bowels should be thoroughly emptied by an enema and the 
food reduced to the blandest fiuids for a day or two. 

True relapse is a re-infection and demands the same treatment in 
aU its details as the original attack. Tubbing is, however, rarely re- 
quired, although it may be necessary in severe cases. Usually milder 
hydrotherapeutic methods are adequate. 

Treatment op Typhoid Fever in Infancy 

In the infant the adjustment of the diet in typhoid fever is com- 
paratively simple. Briefly, it is the adjustment of a milk formula to suit 
the impaired digestion of the sick infant. 

During the first and second weeks the formula which the child was 
taking at the time of the onset of the infection reduced 25 per cent, or 
50 per cent, will be suitable. Whole milk diluted with one or two parts 
of a 5 per cent, milk sugar solution will usually be well taken. The cereal 
gruels may be added later and the caloric content of the formula increased 
by a higher percentage of milk-sugar. The protein content and caloric 



TREATMENT 


609 


value of each day*s feeding should be recorded and an effort made to 
keep the food value as near the normal requirement as possible. Blalted 
or dextrinized cereal foods can often be advantageously used as ad- 
ditions to the milk formulas. Fermented milk or whey may be useful if 
the stomach is irritable. Beef juice, fruit juices and broths are not so 
well borne but are occasionally helpful. During the period of intestinal 
irritability the milk may be sterilized by a short exposure to the boiling 
temperature. An abundance of water should be given. 

Stimulants are rarely required in typhoid fever in the young child. 
In the third week of the disease, when nutrition is failing and the heart 
action is weak, the addition to the food of from 1 to 4 drams (3.75 to 
15 c.c.) of brandy in the twenty-four hours may be of distinct advan- 
tage. Each dram of brandy will give an additional value of fourteen 
calories to the food and it may be taken and assimilated when an ade- 
quate amount of other food cannot be given. Strychnin, digitalis and 
other drug stimulants are of doubtful value. 

Diarrhea is present.in about one-half of the eases and, when the move- 
ments exceed three a day, will require correction. Bismuth subcar- 
bonate — 4 grains (0.26 gram) — in chalk mixture — 1 dram (3.9 grams) 
— will best control it. It is best administered after each bowel movement. 
Given in this way the frequency of dosage is automatically regulated by 
the varying requirements of the patient’s condition, llie occasional 
addition of 5 to 10 minims (0.3 to 0.6 c.c.) of paregoric to this pre- 
scription may be necessary. It is particularly beneficial if the move- 
ments are frequent and accompanied by abdominal pain. 

Constipation will require attention. A routine cathartic is usually 
given before the diagnosis is made, and further administration is un- 
wise. The lower colon should be thoroughly emptied each day by 
irrigation with a simple enema. 

For the control of high temperature^ hydrotherapy is the most ef- 
fective. Antipyretic drugs must be avoided. A bath may be given 
every four to six hours if the rectal temperature is 103° F. (39.4° C.) 
or over. A tepid sponge may be efficient but the best results are ob- 
tained from the full bath. The full bath is easily given to the infant. 
The water should be at a temperature of 100° P. (37.8° C.), and the 
bath continued with gentle friction for eight to ten minutes. The cool- 
ing of the water that will take place during the bath is all the reduction 
that is necessary. When nervous symptoms are marked, even a higher 
temperature of the water — up to 105° P. (40.6° G.) — may give better 
results and be followed by quiet and a moderate reduction of tempera- 
ture. Infants do not endure the cool bath well, and a bath at a tem- 
perature of 90° P. (32.2° C.) often leaves the child prostrated with a 
cold, blue skin and a weak pulse — a result that cannot but be harmful. 
For marked nervous symptoms, in addition to the bath as above directed, 
brcmid of sodium, 2 to 4 grains (0.13 to 0.26 gram) in syrup, may be 
given. 

The treatment of the period of convalescence is chiefly a problem in 
infant feeding and requires the careful adjustment of the food to the 
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nutritional requirements of the infant and its ability to digest and 
assimulate it. 


PROGNOSIS 

Cause of Death. — ^Death in typhoid fever results from (1) the in- 
tensity of the toxemia; (2) severe localization of the infection; and {3) 
complications and sequelce. 

All of the organs and tissues suffer from the lethal effects of the 
typhoid toxin. The heart, the vasomotor and heat regulating mechan- 
isms, and the nervous system are most conspicuously influenced. The 
effect upon mortality of the individual localizations and complications 
is considered in detail in another section. 

In 580 fatal cases reported by Curschmann from Hamburg and Leip- 
sic 46.9 per cent, died of toxemia, and 53.1 per cent, died of localizations 
and complications. IVrforation, hemorrhage, pneumonia and nephritis 
were the causes of death in 241 of the latter group of 305 cases. In this 
country at the present time the disease is certainly less virulent. Eisner, 
from a careful study of available autopsy findings, places the mortality 
rate from toxemia at 24 per cent. Writers generally estimate that toxemia 
is responsible for about one-third and complications for about two-thirds 
of the fatalities. 

Mortality. — ^The case mortality rate of typhoid fever generally ac- 
cepted at the present time is about 10 per cent. Statistics from many 
sources give rather wide variations from this figure. 

The death rate of typhoid fever in New York City for 1917 in 1,442 
reported cases was 15.8 per cent. The average annual mortality from 
1908 to 1917 in a total of 28,083 cases was 15.18 per cent. This probably 
fairly represents the mortality in a large number of cases of all ages and 
conditions, under varying epidemic influences, and treated by a variety 
of methods, and of sufficient severity to be recognized and reported. It 
is quite certain tliat many mild and atypical cases which recovered are 
not included in these figures. 

The mortality of hospital-treated cases varies from 7 to 22 per cent. 
Of 21,371 cases admitted to the hospitals of the Metropolitan Asylum 
Board of London over a period of thirty-six years, 16.3 per cent. died. 
The mortality in Osier’s wards at the Johns Hopkins Hospital was 
9.1 per cent. In private practice the mortality is probably lower, from 
5 to 12 per cent. 

Factors which influence the mortality of the disease and are valuable 
guides to prognosis are (1) the age of the patient; (2) the type of 
the prevailing outbreak or endemic; (3) the severity of special symp- 
toms; (4) the presence of complications; (5) the treatment; (6) anti- 
typhoid vaccination. 

Age. — After the period of infancy and childhood there is a steady 
increase in the mortality percentage of the disease. In infancy it is 
about 20 per cent. The lowest rate, from 6 to 7 per cent., is between the 
ages of five and ten years. Prom ten to twenty-five years of age the mor- 
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tality IS increased slowly from 8 or 9 to 10 or 12 per cent. At forty years 
the rate is from 18 to 24 per cent. After the age of forty years the disease 
has a very grave prognosis, with a death rate of from 25 to 35 per cent. 

Type of Prevailing Outbreak. — The mortality varies greatly in dif- 
ferent communities and in different epidemics and endemics in the same 
community. The type of the disease will be virulent in one section and 
mild in another. Sudden outbreaks in districts previously free from ty- 
phoid often show a high mortality. The disease is also apt to be more 
fatal at the beginning of an outbreak. In certain years serious compli- 
cations are common. 

Severity of Special Symptoms. — Except in infants and young chil- 
dren a pulse-rate persistently above 120 is cause for apprehension. In 
exceptional cases, women and nervous men have a rapid xiulse from the 
onset of the disease, without other symptoms of gravity. Persistent tem- 
perature above 104®P. (40°C.) indicates a severe infection, and repeated 
elevation above 105 ‘^P. (40,6°C.) without marked remissions adds to 
the gravity of a case. The outlook is serious when high fever continues 
through the third and fourth weeks. Severe diarrhea and meteorism are 
common in some outbreaks, and increase the mortality rate. Cases with 
marked nervous manifestations are serious. Liebermeister observed a 
mortality of over 50 per cent, in cases with early and severe delirium 
and of about 70 per cent, in cases with continued stupor and coma. 

Complications and Sequeij^e. — Any complication, however mild, 
affects the prognosis unfavorably. It tends to prolong the illness and 
favors the development of other complications. 

Influence of Methods of Treatment. — It is difficult properly to 
evaluate a method of treatment in typhoid fever, which varies so 
widely in severity from year to year and in different epidemics, without 
the observation of a large number of cases extending over a long period. 
Available evidence of this kind is strongly indicative that the bath, treat- 
ment has very favorably influenced the mortality. The statistics of the 
Brisbane General Hospital, Queensland, reported by F. E. Hare, are 
convincing. In 1,828 consecutive cases treated by the expectant method 
during the years 1882 to 1886 the mortality was 14.8 per cent. ; 1,902 
consecutive cases treated with cold and tepid baths during tlie years 
from 1887 to 1896 showed a mortality of 7.5 x>er cent. Equally satis- 
factory results have been obtained in a number of the hospitals of this 
country and Europe. It can be confidently stated that the treatment 
of typhoid fever as .carried out in well-equipped modern hospitals is an 
important factor in the redu(*tion of the mortality. 

Antityphoid Vaccination. — ^Typhoid fever, when it occurs in in- 
dividuals who have been vaccinated, pursues a much milder average 
course than it does in unvaccinated patients, and complications are very 
much less frequent and fatal. The recently published report of Webb- 
Johnson of the British Army shows the influence of vaccination on mor- 
tality and on the incidence of complications. In 297 cases of typhoid 
fever, unvaccinated, the mortality w^as 57, or 19.19 per cent. In 821 
cases, vaccinated, the mortality was 27, or 3.28 per cent. In the unvacci- 
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nated group complications occurred in 35.69 per cent, ; in the vaccinated 
group in 7.55 per cent. The experience of Vaughan in the American 
Army in Prance {see p. 578) does not bear out these favorable results. 

Mode of Death. — Sudden death takes place in from 3 to 4 per cent, 
of the fatal cases. In Osier’s series of 137 fatal cases there were 4 sudden 
deaths. It occurs more frequently in men than in women. It is an 
accident usually of the third week, more rarely of convalescence. Autopsy 
findings are inadequate to exx^lain the fatal result in about one-third of 
the cases. Cerebral anemia and reflex syncope have been given as causes. 
In the remaining cases with i^ositive autopsy findings, acute myocarditis, 
pulmonary embolism and thrombosis and cerebral embolism are the 
conditions that have been found. 

Licomplete Recovery. — Typhoid fever is a serious disease, aside 
from its high immediate mortality. The weeks of bacteriemia with 
high fever and profound toxemia gravely impair (?ell-f unction and may 
leave the patient in a state of prolonged or permanent ill health with 
disabling pathological conditions and a decided curtailment of longevity. 
Many of the eom])lieations result in permanent damage to structure and 
function, or initiate chronic infective or degenerative diseases which are 
remote causes of death. The effe(*,t of typhoid fever on the mortality of 
recovered cases was studied by Dublin from the data of a life insurance 
company. Fourteen hundred and twenty-eight cases of recovered ty- 
phoid were investigated. Of this number 54 died during the first three 
years following recovery. The expected mortality of this group was 26. 

Among the important disabling sequelai are the following: a state 
of permanently deranged metabolism, the jjatient never regaining his 
former troi)hie level ; gall-stone disease and chronic intestinal catarrh ; 
chronic laryngeal obstruction from ulceration and necrosis; pulmonary 
tuberculosis and x)ulmonary abscess; chronic myocarditis, arteriosclero- 
sis and thrombophlebitis ; chronic renal or bladder infection ; hemiplegia ; 
incurable psychoses and degenerative brain and cqrd lesions. 


PATHOGENESIS AND TISSUE CHANGES IN TYPHOID FEVER 

We have the following questions to consider: 

(1) The manner in which the typhoid bacillus enters the body. 

(2) The cause of the general reaction to the infection (fever). 

(3) The tissue injury and tissue reactions which result. 

(4) The manner of elimination and healing. 

As to the first of these, the portal of entry is only approximately 
know'n. The typhoid bacillus as shown in the section dealing with 
Etiology is taken into the mouth from some one of the many sources, 
and gains entrance to the tissues somewhere in the gastro-intestinAl 
tract. There are no adequate data fixing any particular part of the 
gastroenteric tract as the point through which the Bacillus typhosus gains 
entrance to the tissues. Indeed, there is no reason whatever for beUeving 
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that some one place is to be sought fotr rather than several loci. Sug* 
gestive facts exist favoring the tonsils and j^harynx, the intestinal epi- 
thelium, and the lymphoid tissue of the intestine as occasional portals 
of entry. 

It is certain that the typhoid bacillus does not multiply to any ex- 
tent in the intestinal tract. The few bacteria taken into the mouth at 
the time of infection do not increase in the gastro-enteric tract, but first 
gain entrance to the body proper and are later eliminated into the 
intestine. The general assumption that gastric juice will kill typhoid 
bacilli is not strictly correct, since it has been shown that moderate 
acidity does not sterilize the Bacillus typhosus (Kitasato). The typhoid 
bacilli which we cultivate from the intestinal tract in cases of typhoid 
fever do not represent bacteria which have been taken into the mouth 
at the time of infection and w^hich have multiplied in the gastro-enteric 
tract, but they are bacilli that are being eliminated from the blood and 
tissues by way of the intestines. 

It is frequently assumed that the portal of entry is the lymphoid ap- 
paratus, particularly the Peyer’s patches in the ileum, because here we 
usually find the most characteristic anatomical changes of the 
disease. The fact that the Peyer’s patches are injured points rather to 
the intestinal lesions as the result of the susceptibility of lymphatic tis- 
sues to injury by the typhoid bacillus. The changes in the lymphatic 
apparatus are probably a result of the invasion of the body as a whole 
by the typhoid bacilli rather than a door through which they enter the 
body. 

The typhoid bacillus gains entrance to the gastro-intestinal tract 
through Ihe mouth. Somewhere in the course of its passage toward 
the anus it is absorbed into the lymphatics and thence passes on to the 
regional lymph-nodes. This may be anywhere from the tonsils or 
pharynx to the sigmoid, but certain considerations make it probable, if 
not certain, that the usual portal of entry is found in the last few feet 
of the ileum. The relative stasis in this part of the bowel compared to 
the upper portions is well known, and the richness of the lymphatic ap- 
paratus and other considerations point to this portion as that especially 
differentiated for absorption. The fact is that the mesenteric nodes 
draining this region show the earliest anatomical injury in typhoid in- 
fection. The question of broken or unbroken epithelium is purely aca- 
demic. Injury to the intestinal mucosa has never been shown to be 
necessary, and moreover the ease with which leukocytes can pass in 
and out of an uninjured mucosa shows that the entrance of an active or- 
ganism like the typhoid bacillus might be determined by the chemotactic 
conditions present, and not by the presence or absence of an actual hiatus 
in the tissue. There is abundant evidence in the respiratory as well as 
in the gastro-enteric and genito-urinary tracts that unbroken epithelium 
of mucous membranes is not a barrier to the entrance of bacteria, but 
that the ability of au organism to gain entrance into these localities 
depends upon the specific properties of the organism itself. 

Having entered the lymphatics, the bacillus is filtered out by the 
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regional lympb-nodes. Thus the mesenteric nodes are the first tissues 
to be subjected to the effects of the typhoid bacillus after it has gained 
entrance into the body. 

The most significant fact in the pathogenesis of typhoid fever is the 
predilection the typhoid bacillus shows for the lymphatic apparatus. The 
organism multiplies in the lymph-nodes, spleen and bone-marrow as 
well as in the bile. From the first three of these localities it gains en- 
trance to the blood. There is no evidence that it multi ifiies in the blood 
stream; on the contrary, it is rapidly destroyed. Even the blood of a 
normal individual has considerable ability to kill typhoid bacilli, and in 
an infected individual during the course of the disease this bactericidal 
power of the blqod increases markedly. 

It is probable that the entrance of the bacillus through the gastro- 
intestinal tract, the invasion and multiplication in the lymph-nodes, and 
the “overflow’’ into the thoracic duet and blood stream all take place 
during the incubation period of the disease, before the patient is sick. 
In other words, the bacteria could be recovered from the mesenteric ap- 
paratus and blood stream before the appearance of the first symptoms of 
typhoid fever. 

Tj^phoid fever is best designated as a bacteriemia, in that the bac- 
teria are present during the course of the disease in the characteristic 
foci mentioned above, and also in the blood stream. 

The general reaction to the infection, that course of clinical events 
which we call typhoid fever, does not commence until the organism is 
well entrenched in. its various foci. The bacteria, by their presence, set 
up various phenomena in the host which, taken together, constitute the 
clinical manifestations characteristic of the disease. 

The fever is undoubtedly caused, as Vaughan has shown, by the 
poisons liberated from the bacilli as a result of their disintegration. Ac- 
cording to Vaughan the invading organisms are to be considered as 
foreign proteins. They stimulate by their presence the production on 
the part of the body-cells of substances which digest them and prepare 
them for assimilation into the tissues. It takes a certain time for the 
body-cells to become proficient in the manufacture of these substances 
(ferments?), and this time is represented by the incubation period of 
the disease. One of the end-products of the disintegration of the bac- 
terial protein is a poison, and this, by its constant production in small 
quantities, causes the fever. In addition to this specific bacillary poison, 
toxic substances are undoubtedly liberated from the injured and ne- 
crotic foci in the lymphoid apparatus^and bone-marrow, and in addition 
to these we have the whole train of metabolic and mechanical results 
produced by high fever. These effects will be referred to in connection 
with the specific changes produced in the various organs. The practical 
questions which arise from the •consideration of Vaughan’s views re- 
garding the fever as the result of the reaction between immune bodies 
and the infecting organism are very important and are dealt with in 
the discussion of the therapeutic use of vaccines and of the products of 
the typhoid bacillus. 
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Tissue Ohaxigres— Morbid Anatomy. — General. — ^A superficial in- 
spection of the body presents no appearances characteristic of typhoid 
fever. The rose spots disappear after death. There is more or less 
emaciation, depending upon the length of the illness. Cases autopsied 
after long illness may show special appearances due to complications: 
parotitis, arthritis or decubitus. Rigor mortis is well developed. 

Muscles. — ^Zenker first described the characteristic ‘‘fish flesh 
transformation of the muscles known as Zenker's necrosis. The change 
is found only in the more severe cases in which there has been high 
and prolonged fever. The rectus abdominis and muscles of the thigh 
are most often affected. In the gross this waxy degeneration gives a 
whitish, waxy appearance to the sectional muscle, which has been com- 
pared to fish flesh. Microscopically the muscle-fibers are found under 
these conditions to have lost their striations, and their ability to take 
acid stains uniformly. The muscle-protoplasm is collected inside of the 
wrinkled sarcolemma in pale, irregular lumps. There is frequently 
rupture of the capillaries between the fibers, giving rise to small hem- 
orrhages. Occasionally these hemorrhages are larger, and at autopsy 
we have found diffuse suggillations of blood involving the muscles, and 
loose areolar tissues of the whole lower half of the abdominal wall. 
These muscle changes, Zenker's necrosis and hemorrhages, are not 
confined to typhoid but are found more frequently in this disease than 
in others. 

Gastro-enteric Tract. — The upper portions of the iract are rela- 
tively little affected. In cases of long standing, ulcerations of the phar- 
ynx and esophagus are sometimes found. These are usually small, in- 
dolent ulcers, seldom over 1 cm. in diameter, and with very little reac- 
tion around their margins. Their etiology is not clear. They are not 
specific lesions of typhoid, but are usually classed along with ulcers of 
epiglottis and laryngeal structures as “cachectic; ulcers.' 

No changes are found in the stomac;h or duodenum which can in 
any way be referred to typhoid fever. 

The small bowel, in cases uncomplicated by perforation or hem- 
orrhage, is usually collapsed and fairly empty. On opening the lumen 
of the bowel we find the upper portion fairly normal or moderately 
congested. As the lower jejunum and ileum are approached the agmi- 
nated follicles or Payer's patches are found to be swollen and raised 
above the surface of the mucosa. At first they have a pinkish color by 
reflected light, but a little lower down we find them more swollen and 
presenting a blanched appearance.^ These represent the early intestinal 
lesions of typhoid. Since the earliest systematic descriptions by Chomel 
and Louis the progress of the intestinal lesion of typhoid fever has been 
divided into four stages corresponding roughly to the four weeks of 
the ordinary disease course: 

(1) Stage of Swelling of the Peyer^s Patches , — Our knowledge of 
the mechanism of production of the characteristic typhoid lesion is due 
to Mallory. During the first week the lymphoid tissue, solitary, agmi- 
nated follicles and Payer's patches become swollen and project above 
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the surface of the mucosa. The Peyer’s- patches appear as oval plaques 
extending lengthwise of the bowel. The solitary follicles, imbedded more 
deeply in the mucosa, may not be apparent, or may project beyond the 
mucosa as pedunculated points. Examined microscopically at this stage 
we find the swelling to be due not so much to lymphoid hyperplasia in 
the strict sense — although the lymphocytes are increased in number — as 
to the accumulation in the lymph-follicles and in the reticulum and 
sinuses of large mononuclear macrophages. These cells have an abun- 
dance of light-staining protoplasm and pale recticular nuclei. In many 
of them are found red-cells, lymphocytes and tissue debris. They are 
variously designated as endothelial leukocytes (Mallory) and as 
mononuclear wandering cells. Whether they have a specific origin 
from endothelium by proliferation of the lining cells of the lymph- and 
blood-spaces, or whether they represent a form of undifferenliated mes- 
odermal wandering cell or polyblast (Maxinow), has not been satisfac- 
torily settled. 

The macroi)hages pack themselves so tightly in the sinuses and tissue- 
spaces that the lymphoid tissue is to a degree destroyed by them, so 
that in a well-developed lesion the lymphocytes only appear in patches. 
The normal structure of the lymph-node is destroyed, and the ])atch con- 
sists of a dense mass of these large mononuclear cells with relatively few 
lymphocytes. This is the stage of greatest swelling, and the swelling is 
due not only to the increase in the cell-content of the patch, but also to 
the edema which develops in the tissue, due to the local circulatory dis- 
turbance. This lo(?al circulatory disturbance arises from occlusion of 
the blood-vessels which nourish the lymphoid tissue, and is due in part to 
the external i)ressure on the capillaries exerted by the closely packed 
macrophages, in part to plugging of the vessels themselves by the large 
mononuclears loaded with tissue debris, and in part to minute thrombi 
(Mallory), due to the endothelium of the capillary being lifted up by 
the accumulation of cells and fibrin beneath. 

(2) Stage of Necrosis , — This vascular occlusion leads to anemic ne- 
crosis of the patch, with the formation of a slough. While in the gross 
the lesion seems well confined to the lymphoid tissue, microscopically it 
is evident that the wandering cells are numerous outside the Peyer’s 
patch. The necu-osis in the severer grades often extends beyond the 
lymjdioid tissue limits laterally into the mucosa, and deeply to the 
muscularis or even to the peritoneum. 

At the height of the stage of swelling in a mild case resolution may 
occur before the slough forms, and the tissue be restored to normal by 
the disappearance of the wandering cells. More frequently the patch 
undergoes necrosis as a whole or in part, and the slough forms. At this 
stage we may find the pale, white, swollen and felt-like patch becoming 
a dirty brown color, due to the imbibition of bile, or one of. various 
shades of mottled, dark red or slate color, due to small hemorrhages. 
When the patch does not undergo necrosis as a whole but only in small, 
pit-like areas, probably corresponding to the lymph-foUieles around a 
central vessel, we get the appearance described by Chomel as plaques 
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& surface r6ticul6e/’ Up to this stage the microscopical appearance of 
the lesion is unique, in that practically no polymorphonuclear cells are 
involved in the process. The typhoid bacillus, and whatever poisons are 
liberated from it throughout the body, tend to depress the usual poly- 
morphonuclear inflammatory reaction. This is true of the lesions else- 
where in the body as well as of those in the intestine. Even secondary 
infections, usually accompanied by active leukocytosis, are able in the 
typhoid patient to stimulate only a feeble response. As the tissue of the 
area dies, a moderate collection of polymorphonuclears occurs at the 
margin between the necrotic and the healthy tissue. These begin to liber- 
ate leukoproteases that digest the coagulated lymph and dead cells and 
cause the slough to begin to separate. This usually occurs ai’ound the 
edge when massive necrosis of the patch has occurred, so that we find 
the edges loosening from the healthy tissue and curling up or rolling 
under. The separation gradually works toward the center, and finally 
the dead slough separates entirely, leaving the ulcer. 

(3) Stage of Ulceration , — The fact that tissue beyond the margin 
of the patch has been involved in the process is most evident at this 
stage, when the slough separates and leaves a more or less irregular 
ragged area extending well beyond the limits of the original Peyer’s 
patch. Sometimes the ulceration is very superficial, including only the 
upper layers of the mucosa, and leaving some lymphoid tissue and epithe- 
lial crypts. But the usual lyphoid ulcer extends down to the niuscularis, 
leaving a fairly clean floor covered with a thin gray exudate and a few 
shreds of fibrin. Often the whole patch does not undergo necrosis but 
the slough separates in several larger or smaller areas, leaving irregular 
ulcers connected w^ith narrow passages and separated by bridges of still 
intact mucosa. The ulceration is more extensive toward the last few 
inches of the lumen. It is not uncommon to find the last six or twelve 
inches a mass of confluent ulcers with bridges of mucosa left in their 
midst. 

(4) Stage of Healing , — The typhoid ulcer is unique in its ability to 
heal without scar-tissue contraction and consequent disturbance of bowel 
function. There is apparently a complete restitutio ad integrum. The 
lymphoid tissue regenerates, and is covered in by epithelium without 
increase in fibroblasts and their usual hyaline transformation to scar- 
tissue, so that after the healing of a typhoid ulcer we find i)erhaps at the 
most an atrophy of the submucosa, causing a slight depression and some 
increased pigmentation. The colon is moderately involved, according to 
Murchison, in one-third of the cases. The solitary lymph-follicles show 
numerous ulcerations. These are more apt to occur or to be more 
numerous in the cecum. Sometimes a special form of typhoid, coloiy- 
ph/us, is recognized in v/hich the ulceration of the colon overshadows 
that of the ileum, or is confined to the colon. The ulcerations are said 
to be large, with their long diameters lying transversely of the gut. 
Cases with extreme gaseous distention and meteorism with multiple per- 
forations in the bowel have been recorded by Kaufmann. Excessive 
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growth of the lactic acid bacillus has been found in these cases, account- 
ing for the excessive gas. 

The important complications of the intestinal lesions are perfora- 
tions and hemorrhages. The hemorrhages occur from erosion of the 
exposed vessels of the area at the time of the separation of the slough. 
Perforations the size of pin points are found at the base of a small, deep 
ulcer, or in a larger area they may be even a centimeter across, at the 
base of a large ulcerated area. Excessive peristalsis probably plays a 
role in the formation of the larger perforations. Observed from the 
peritoneal side, the ulcer always has a blue black or dark red, mottled, 
discolored margin. This is important, in view of the fact that perfora- 
tions are sometimes reported which are the result of postmortem rough 
handling of the intestinal coils on the part of the prosector. There is 
very little reaction by the peritoneum and omentum after perforation 
does occur. The slight exudate is thin, grayish and watery. There is 
no well-marked plastic exudate firmly gluing tlie coils of the intestine 
together, but only the appearance of a few fibrin flakes in the exudate. 
It is important to remember that although perforation usually occurs 
in the last twelve inches of the ileum it may appear higher, and that it 
may be in the appendix or large bowel and is not infrequently multiple 
in any location. 

Hemorrhage , — After death from hemorrhage a large amount of un- 
clotted blood may be found in the bowel. The bleeding vessel cannot 
be found. Sometimes clots may be detached from the base of one or 
several ulcers. A hemorrhagic form of typhoid is sometimes recognized 
in which multiple hemorrhages in the skin and mucous membranes occur. 

Lymphatic System. — The swelling of the mesenteric lymph-nodes 
is probably the earliest lesion of typhoid fever. Usually the nodes drain- 
ing the last few inches of the ileum are most involved ; they may become 
very large, representing in the aggregate a mass as large as an orange. 
In the gross they are gray, pale pink or slate colored. On section they 
are moist and softened, showing small areas of liquefaction necrosis. 
They may break down entirely and rupture into the abdominal cavity, 
giving rise to the indolent low grade peritonitis characteristic of typhoid 
perforation. The lymph-nodes in other portions of the body usually 
present no appreciable gross swelling. Microscopically the lesion in the 
mesenteric nodes is identical with that in the lymphoid tissue of the 
intestine. The lymphoid structure and surrounding tissue becomes 
packed with mononuclear macrophages and small areas of liquefaction 
necrosis occur from vascular occlusion. The other lymph-nodes of the 
body show a moderate sinus catarrh. The number of macrophages es- 
caping from the intestinal lymphatic apparatus into the thoracic duct 
and thus into the venous circulation may be so great as to cause small 
pulmonary emboli, as in the case reported by MacCallum. Hemorrhages 
into the substance of the lymph-nodes are common. 

Spleen. — Acute splenic tumor in typhoid is quite constant. The 
organ weighs from 600 to 900 grams (19.3 to 28.9 ounces) and is so 
extremely soft that it seems to flow and flatten out on the table when 
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removed at autopsy. On section the pulp oozes and flows out of the cap- 
sule in the form of a thick, reddish brown paste, and the JMalpighian 
corpuscles are scarcely recognizable. Microscopically we find the charac- 
teristic macrophages and a pathology similar to that in the lymph-nodes 
and intestine, with the addition that the organ is extremely engorged 
with red blood-cells. A very large proportion of the macrophages are 
engorged with red-cells and with crystals and amorphous masses of 
blood-pigment. The spleen may rupture, resulting in a fatal hemorrhage. 
Focal necroses occur within the spleen as in the lymph-nodes, and large 
necroses beneath the capsule (infarcts) are not uncommon. Cases autop- 
sied late in the disease, after a long illness, may show no enlargement of 
the spleen. The organisms tend to disax)pear from the spleen as the 
agglutinins rise in the blood, and the spleen tends to decrease in size as 
the disease progresses to a favorable conclusion. It is said that there 
is a relation between the persistence of the splenic tumor and relapse. 

Blood and Bone-Marrow. — The most distinctive finding in the blood 
is the leukopenia. The white count after the first few days, during 
which there may be a mild leukocytosis, seldom above . 12,000, shows a 
decrease to 4,000 or even less. This decrease is due to a falling off of 
the i)olymorphonuclears and to the practical disappearance of the 
eosinophils. There is a relative increase in the lymphocytes, and es- 
pecially in the large mononuclear cells. Late in the course there is 
usually a severe anemia. A hemorrhagic diathesis may develop, and a 
decrease in the number of platelets is said to occur. Typhoid bacilli are 
more or less constantly present throughout the course of typhoid fever. 
They are imesent in gi'eater numbers during the first week, and their 
cultivation from the blood serves as the best method now known for 
early diagnosis. The bone-marrow has been shown by Longcope to 
undergo characteristic changes in typhoid. In general these are analo- 
gous to those in the lymph-nodes and in the spleen, with the addition that 
the specific marrow elements are affected. There is marked invasion of 
the sinuses, with the characteristic macrophages. These are found to be 
actively phagocytosing red-cells and tissue detritus. Many focal necroses 
occur, containing dead cells and fibrin. According to Mallory, these 
focal necroses represent the end-result of the characteristic typhoid re- 
action, a so-called ^‘typhoid nodule’' consisting of aggregations of en- 
dothelial leukocytes (macrophages). The lymphocytes are apparently 
increased in number and the myelocytes are distinctly reduced. The 
reduction in these elements explains, of course, the decrease in number 
of the neutrophil and eosinophil polymorphonuclears in the circulating 
blood. This depression of bone-marrow function is such that the in- 
tercurrent peritonitis which develops after i^erforation usually fails to 
bring out a leukocytosis, and other intercurrent infections like pneu- 
monia may fail to raise the white count above seven or eight thousand. 
The aneosenophilia may be of diagnostic value, as was pointed out by 
Thayer. As recovery is established, the leukocyte count and number 
of eosinophils return to normal. 

Gall-bladder. — The bacteria reach the gall-bladder very early in 
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typhoid fever, and remain for an indefinitely long period. Gay and 
Claypole, confirming work done by Chirolanza, showed that typhoid 
bacilli might be isolated from the gall-bladder within half an hour after 
intravenous injection of typhoid bacilli, even when the cystic duct was 
tied. The gross pathology caused by the presence of typhoid bacilli in the 
gall-bladder is usually not great during the course of the disease. The 
importance of the gall-bladder in this fever is rather in relation to the 
carrier condition and to later attacks of cholecystitis with gall-stones. 
There is usually a mild degree of catarrhal inflammation throughout 
the cholangenic system during the course of the disease. This may be 
so severe as to cause the disease picture to be ushered in by gall-bladder 
pain and jaundice, with a chill. But usually the gall-bladder inflamma- 
tion leads to nothing more distinctive than occasional pains in the upper 
right abdomen, which tend to abate as the disease progresses. Purulent 
cholecystitis with leukocytosis may occur. Typhoid fever must be ad- 
mitted to the first rank of those diseases which have a definite etiological 
relationship lo gall-stones. 

The liver presents characteristic changes. It is usually enlarged, 
swollen and cloudy on section. Microscopically, the characteristic ‘‘ty- 
phoid nodules’’ are found, which have been differently designated as 
“lymphomata” and as “focal necroses.” It is easy to convince oneself 
that both of these latter appellations apply to different stages of the 
same lesion. 

One observes many small miliary collections of cells somewhat re- 
sembling miliary tubercles, which are found to consist of large numbers 
of the characteristic macrophages or endothelial leukocytes crowding 
the sinuses between the cell-cords. These macrophages are filled with 
phagocytosed red-cells and cell-detritus, or are free of other material and 
actively dividing. They enclose and push aside cords of liver-cells and 
finally become so dense that they break down themselves and are replaced 
by tissue-detritus and fibrin. The question as to whether these areas 
represent mechanical plugs of macrophages swept in by the portal cir- 
culation, or whether clumps of bacteria or their poisons attract them, is 
not clearly settled. The authors believe that they represent local reac- 
tions to the actual presence of bacilli, as in the case of the miliary tu- 
bercle. The difficulty in demonstrating bacilli in such lesions in tissue 
sections is well known. Besides these nodules we find the individual 
liver-cells to be swollen and edematous, with granular, vacuolated and 
fat-containing protoplasm and ]^ale-staining nuclei. Around the portal 
vein in the lymphatics and diffiusely throughout the connective tissue 
of Glisson’s island we find wandering macrophages. 

Heart and Blood-vessei.s. — There are no specific changes in the 
heart. The heart-failure occasionally assigned as a cause of death is to 
be referred to degeneration of the myocardium. Endocarditis is rare, 
though vegetative lesions containing typhoid bacilli have been found. 
Pericarditis is also rare, and when found is usually part of a compli- 
cating intercurrent infection like pneumonia or pleuritis. The myocar- 
dium presents no characteristic changes, although a great variety of 
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lesions have been described in individual cases. The heart*mu8cle is 
usually soft, flabby, and dark brown in color, and somewhat mottled, 
due to fatty changes. Microscopically we find marked brown atrophy 
evidenced by collections of brown pigment at the extremities of the 
muscle-nuclei, more or less accumulation of fine, fat droplets within the 
muscle-cell, albuminous granules and increase of fluid. Frequently none 
of these changes can be demonstrated. Interstitial myocarditis, with 
marked infiltration with round cells and multiple miliary abscesses, 
has been found. 

The blood-vessels are not infrequently attacked, probably because of 
the general tendency of the typhoid infection to affect endothelial cells 
and tissues. Thayer has described early arteriosclerosis as an important 
concomitant of typhoid fewer, but this is probably as common in other 
severe infections as in typhoid. The growing conviction that arterio- 
sclerosis is in large part a result of repeated infections of various types 
might be pointed out in this connection. Active arteritis with autoch- 
thonous thrombus formation, esi)ecially of the smaller vessels, is an oc- 
casional accident. Most frequently these occur in the extremities, ear and 
parotid gland. Thrombosis is more frequent in the veins, esi)ecially in 
the left femoral, leading to phlegmasia alba dolens. Naturally the prog- 
nosis is much better in the cases of venous thrombosis than in those of 
arterial occlusion. 

Respiratory System. — Ulcers of the laryn.x occur not uncom- 
monly in the later stages of the disease. They are found at the base 
of the epiglottis, in the posterior portion of the vocal cords, and in the 
aryepiglottideaii folds. The cartilage may be involved. It is not clear 
that they represent specdfic lesions as in the case of the ulcers of the 
intestine. Diphtheritic laryngitis and tracheitis are rare findings. 

The lungs present several tyi)es of lesion. There is a form of lobar 
pneumonia which occurs in cases with pneumonic onset and the physical 
signs of pneumonia, which jmobably represents an early localization of 
the typhoid bacillus in the lung, the so-called “ pneuinoty phoid. ^ ^ Later 
in the disease, lobar jmeumonia may also develop, either from the typhoid 
bacillus, which is rare, or due to secondary invasion by the pneumococ- 
cus. The eases due to the pneumococcus are said to show a character- 
istic hemorrhagic tyi)e of lesion. This is an interesting observation, in 
view of the fact that a hemolysin has been isolated from the typhoid 
bacillus; but hemolysis does not play an important role in ordinary 
typhoid fever. 

Lobular pneumonia due to terminal mixed infection is a common 
event. 

Nervous System. — All writers especially remark the fact that al- 
though this disease gets its name from a nervous system manifestation, 
the changes in the nervous system are not anatomically recognizable. 
Degenerations of the peripheral nerves have been described, but are 
clinically and anatoniically unimportant. Occasional perivascular round- 
cell infiltration of the cerebral vessels is noted, but this finding always 
raises the question of another etiology. Typhoid meningitis is occasion- 
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ally met with. It may be either serous and associated with Mund-cell 
infiltration of the meninges, or typically purulent, with a spinal fluid 
resembling that of the epidemic form. The typhoid bacillus should be 
isolated from the exudate before a diagnosis of typhoid meningitis is 
made. The last 11 cases of ‘‘clinically diagnosed'’ typhoid meningitis 
which the author has autopsied have proved to be tuberculous. The 
exudate in purulent typhoid meningitis is not distinctive but contains 
a large proportion of mononuclear wandering cells. 

Qenito-urinary System. — The kidneys show the usual parenchyma- 
tous degeneration of acute infection. Typhoid nodules like those in the 
liver are said to occur occasionally. Acute hemorrhagic glomerular ne- 
phritis is a rare complication. Miliary abscesses have been described. 
The pelvis and ureter are usually normal, although they may show pe- 
techial hemorrhage. Colon bacillus pyelitis sometimes occurs. The 
bladder is rarely affected, although typhoid bacilli occasionally multiply 
in it and are eliminated in enormous numbers. The cases showing 
bacilli in the urine usually have a trace of albumin. The prostate is 
not known to be primarily affected by the typhoid bacillus, although 
abscess or fibrous atrophy of the testis or typhoid epididymitis occasion- 
ally occurs. 

The typhoid bacillus has been cultivated from the uterus when 
typhoid occurred during pregnancy. The child dies in utero or soon 
after birth, from typhoid bacteriemia. The placenta offers no barrier to 
the passage of the bacilli. It has not been proved that recognizable 
lesions of the placenta are present in cases of placental transmission. 
Mastitis is a rare complication. 

Osseous System. — Bone complications are not very uncommon. 
They sometimes occur during the febrile attack, but most frequently 
they are found months or years after the typhoid attack. A thickened, 
elevated periosteum is found, raised from the bone cortex by a thin, 
stringy pus which extends down into the bone substance. Sequestra 
may be present. Typhoid bacilli can be cultivated from the pus. The 
lesions are very refractory to treatment and recur easily. It is said that 
an acute mixed infection, especially with Bacillus pyocya/neus^ occurring 
accidentally, has been known to effect a cure. 

Typhoid spine, with the x-ray evidence of spondylitis and perispon- 
dylitis, is not uncommon. The joints are rarely involved, but the arthri- 
tis, when present, may be mono- or peri-articular. 


HISTORICAL SUMBIABT 

The history of typhoid fever may be divided into three periods. 

The lirsi period extends from the early history of medicine to the 
time of the final identification, upon clinical and pathological ground^ 
of typhoid fever as a disease entity, distinct from typhus and the othor 
continued fevers. 

The second period mcludes the few years between the recognition 
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of the disease as d distinct clinical entity and the discovery of the 
Bacillus typhosus* 

The third period extends from the discovery of the specific organ* 
ism of the disease to the present time. 

Each period is marked by distinctive developments in our knowledge 
of the disease. 

Hippocrates, during two successive autumns, met many cases of 
continued fever having the clinical features of typhoid fever. Galen cer- 
tainly saw the disease which he described under the name hevmiritcaus. 

Prom the early part of the seventeenth century, when Spigelius 
spoke of the disease as common in Italy, typhoid fever has been de- 
scribed by a great number of writers under a variety of names, sug- 
gested by distinctive clinical features or the author’s conception of 
the nature of the disease. 

Bretonneau, in 1826, first showed the constancy of the intestinal 
lesions of the disease, which he considered a type of inflammation of 
the bowels, and named it dot hient iritis. He also was one of the first 
to suggest that the disease was due to a poison and was communicable. 
Louis, in 1829, published his elaborate work and first named the disease 
typhoid fever. This name was adopted by Chomel in his ‘‘Clinical 
Lectures,” 1834, and since then it has been in general use, except in 
England, where enteric fever is the accepted name. 

By this time — ^the beginning of the nineteenth century — the clinical 
history and gross morbid anatomy of typhoid fever had been well studied 
and a clear picture of the disease developed. The French observers, 
however, still held to the view that typhus and typhoid fevers were 
identical, and this confusion was general throughout other countries. 

Thomas Willis of England, in 1659, first attempted to differentiate 
typhoid from typhus fever. Gilchrist, in 1734, Laugrish, in 1735, and 
Huxhani, in 1739, added to the distinctive features of the two diseases. 
In England and elsewhere typhoid fever continued, however, to be con- 
sidered a modified form of typhus until William Gerhard of Philadel- 
phia, in 1837, finally established the differential clinical and postmortem 
criteria of the two diseases. Gerhard states that, up to the time 
of his writing, no one had clearly stated that the two diseases were 
always distinct, until the publication of a note in the Dublin Joun^naZ^ in 
September, 1836, by Lombard of Geneva after his study of the fevers of 
Great Britain. Gerhard ’s views were, however, opposed by both French 
and English physicians. Shattuck of Boston, 1839, who studied typhoid 
and typhus fevers in England and Prance, upheld Gerhard’s doctrine 
and was supported by Valleix and Roehoux in Prance and Barlow in 
England. Murchison and other English physicians remained uncon- 
vinced until Sir W. Jenner, in 1849, confirmed and amplified the dis- 
tinctions laid down by Gerhard. Since that time, the view that typhoid 
fever is a disease distinct from typhus fever has not been seriously 
questioned. 

The outstanding addition to our knowledge of typhoid fever in the 
sse^d period of its history was the remarkable demonstration by Wil- 
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liam Biidd of England, in 1856, of tlie communicability of typhoid fever 
through the excreta of the patient and the routes of conveyance of the in- 
fection. From the early part of the last century the doctrine of the con- 
tagiousness of typhoid fever had been held by a few able observers. 
Nathan Smith of New England, 1824, from his unique experience with 
typhoid fever among isolated communities considered the contagiousness 
of typhoid so evident that it scarcely needed demonstration. Breton- 
neau a little later, 1829, demonstrated that the disease was transmitted 
from one person to another. Chomel was inclined to the contag- 
ion theory but remarked that in Prance not one physician in a hundred 
regarded typhoid fever as contagious. Louis adopted the contagion 
theory in the second edition of his work, 1841. Murchison adhered to 
the theory of the spontaneous origin of the infection. 

Budd demonstrated by careful epidemiological studies (1) that the 
infection is contained in the intestinal discharges of the patients; (2) 
that the disease is transmitted from the sick to the well through the 
medium of the stools; (3) that the infection is conveyed to healthy per- 
sons by water, milk, etc., contaminated by the dejecta of typhoid pa- 
tients; and (4) that the infection may be thrown off by convalescents for 
an indefinite time after clinical recovery from the disease. Budd also 
laid down rules for the prevention and arrest of epidemics. It is in- 
teresting to note that the observations of Budd, like those of Nathan 
Smith, were made in rural districts where contagion can be more readily 
traced than in cities. 

The third period of the history of typhoid fever begins with the 
discovery of the specific organism of the disease in 1880, by Eberth. 
Gay gives equal credit to Klebs and Koch who independently demon- 
strated the organism in typhoid-infected tissues at about the same time. 
Klebs named the organism the Bacillus typhosus. 

The specific bacillus was found in the stools of typhoid patients by 
Pfeiffer in 1885, and in the urine by Hueppe in 1886. In 1887 Vilchur 
isolated the bacillus from the circulating blood, laying the foundation 
for the conclusion that typhoid fever is primarily a bacteriemia and that 
the intestinal lesions are usual but incidental local manifestations of 
the infection. 

In 1894 Chiari showed that the gall-bladder quite regularly harbored 
the bacilli during and following the disease — a fact of great importance 
in the understanding of relapse and the carrier state. The agglutina- 
• tion method of differential diagnosis was introduced by Widal in 1896. 
The laboratory methods for the positive diagnosis of typhoid fever were 
then complete. 

The knowledge of the bacteriology of typhoid fever enabled the 
methods of infection and routes of conveyance of the organism to be 
studied with accuracy. The dissemination of the disease by contami- 
nated water and food, by flies and other fomites and by human carriers, 
could now be positively demonstrated. 

In 1893 Frankel suggested the specific treatment of typhoid fever 
by the subcutaneous injection of kill^ cultures of the typhoid bacillus* 
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Antityphoid vaccination — the crowning event in the history of typhoid 
fever — was introduced by Wright and by Pfeiffer and Kolle in 1896. 
The possibilities of prophylactic vaccination against typhoid fever have 
been shown by the experience of the vast armies engaged in the recent 
world war. Could preventive vaccination be made universal through- 
out the world the history of typhoid fever would be ended. 
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summary, x>* 647 — BibliogTaphy, p. 648. 

Definition. — The paratyphoid infections are acute febrile diseases 
caused by the invasion of the blood stream by members of the paratyphoid 
grouj^ of microorganisms, and manifested clinically by either (1) a con- 
tinued fever closely resembling typhoid fever, or (2) a gastro-enteritis, 
frequently of choleraic type. 

In this article consideration is given only to the infections produced 
by two members of the groui^: the Bacilhis paratyphosus A and the 
Bacillus paratyphosus B. These two organisms produce the great ma- 
jority of human paratyphoid bacteriemias. 

Etiology. — Predisposing Causes. — In general, the influence of pre- 
disposing causes upon the developments of tyx>hoid fever and the para- 
typhoid infections is the same. 

There is one distinction of importance. The Bacillus paratyphosus B 
causes disease in some domestic animals as well as in man, and is pres- 
ent also in the intestines of certain normal animals. It may live and 
multiply in infected meat. From infected meat it may be transmitted 
to various other foods. The dietetic habits of a people may thus pre- 
dispose to paratyphoid B infections. Persons who eat largely of beef, 
veal and pork, prepared without adequate cooking, may be infected. 
The consumption of sausage, minced and preserved meats predisposes 
to infection. In Germany, where foods of this character are largely con- 
sumed, infections by the Bacillus paratyphosus B have been markedly 
prevalent. 

Methods of sewage disposal which render possible the contamination 
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of the Mrater supplies of eommunities or households predispose to the 
prevalence of paratyphoid fever as they do to typhoid. Both of the 
paratyphoid infections may be water-borne. Paratyphoid fever A, 
more closely related to typhoid fever than paratyphoid fever B, is water- 
borne with the same relative frequency as typhoid fever. An impure 
water supply is of the same importance as a predisposing factor of 
paratyphoid fever A as it is of typhoid fever. Water courses or wells, 
free from the possibility of pollution by human excreta, many be con- 
taminated by animal carriers of the Bacillus paratyphosus B, Ingestion 
of such waters predisposes to infection by this organism. 

Exciting Cause: Bacteriology op the Organisms. — The para- 
typhoid group of microorganisms, in their bacterial reactions and 
pathogenic properties, lies intermediate between the Bacillus coli and the 
Bacillus typhosus. 

{a) Morphology: General Characteristics. — The morphology, gen- 
eral characteristics and group relations of the x>aratyphoid organisms are 
considered in the section on the Bacteriology of Typhoid Fever (p. 457). 

(b) Distribution inside the Body. — In their distribution in the body 
the paratyphoid organisms show the same tendency to localization as 
the BacilVus typhosus. Both para-organisms are uniformly present in the 
blood stream, but apparently their stay in shorter and blood culture is 
more uncertain than in typhoid fever. 

The organisms exist in great abundance in the intestinal tract and 
they are readily recovered from the stools very early in the course of 
the disease. The gall-bladder is always invaded, and their persistence 
in this viscus is the usual cause of the prolongation of the carrier state. 
From the relative frequency of jaundice in paratyphoid fever it would 
appear that the bile ducts are more frequently invaded than in typhoid 
fever. The bacilli are excreted by the kidneys and in many cases— al- 
though not so frequently as in typhoid fever — they may be recovered 
from the urine. In the outbreaks in the armies in France the cerebral 
membranes were not infrequently the seat of localization. Localized pus 
formations occur in about the same relative frequency as in typhoid 
fever. 

(c) Disiribution outside the Body. — With the notable .exception that 
the flesh and intestinal tract of some of the domestic animals frequently 
harbor the Bacillus paratyphosus R, the distribution outside the body 
of the paratyphoid organisms is the same as that of the bacillus of 
typhoid fever. 

(rf) Modes of Conveywivce, — ^Water and contact, as in typhoid fever, 
are the most imiiortant methods of conveying the infection of paraty- 
phoid A ; food is of secondary importance. In sharp contrast, food is the 
most important medium of conveyance of the infection of paratyphoid 
B; water and contact are of secondary importance. 

Infections by the Bacillus paratyphosus B are commonly transmitted 
by meat foods. The bacilli may be present in the meat of diseased ani- 
mals, in healthy meat contaminated by contact with diseased meat, 
or in the intestinal contents of healthy animals or human carriers. Vege- 
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table food of various kinds may be contaminated and become the medium 
for the transmission of the disease. 

Carriers, — From our present knowledge, paratyphoid carriers appear 
to exist in about the same relative proportion as typhoid carriers. Be- 
cause of the transmission of the disease by food infection the carrier 
state is a highly important factor in the etiology of the disease. 

Hilgerman estimates that 3.6 per cent, of paratyphoid cases become 
carriers. Among 157 convalescents from paratyphoid fever in India, 10 
were found to be carriers; 9 were acute carriers and recovered before 
the end of three months ; the remaining case recovered in five months. 

Krumwiede in 1916 found 4 per cent, of healthy carriers among 
786 men of the 14th Infantry, New York State Guard, recently returned 
from the Mexican border. All these men were exposed to the infection 
that precipitated an outbreak in which ‘^11 of the 1,000 men of the 
command had paratyphoid fever. This probably represents an abnor- 
mally high percentage of (jarriers among healthy persons. Berry states 
that in these groups of men the carrier state did not tend to persist. 
Under the influence of a more healthy environment many cases spon- 
taneously recovered in a few weeks. 

A large majority of paratyphoid carriers are fecal carriers. Urinary 
carriers are exceptional, and pus carriers rare. As with typhoid car- 
riers, the bacilli live and multiply in the gall-bladder and are excreted 
with the feces ; or they live and multiply in the pelvis of the kidney and 
are excreted in the urine. 

Flies, etc, — Conveyance by flies and other unusual modes occurs wdth 
about the same frequency as in typhoid fever. 

(e) Types of Infection . — (i) Tyincal Infection. — The typical in- 
fection by the Bacillns paratyphosus A, like the typical infection by the 
Bacillus typhosus, is a bacteriemia causing a fever of the continued type, 
with localization of the bacilli in the gall-bladder, the lymphatic struc- 
tures of the intestine, the mesenteric glands and the spleen. 

The typical infection by the Bacillus paratyphosus B is also a 
bacteriemia with localizations, ami the additional characteristic of a 
tendency to produce gastro-enteritis. 

(li) Mild Infections. — The existence of healthy carriers with *no 
history of acute febrile illness recognizable as an attack of paratyphoid 
fever is evidence that slight infections may occur. It is also reason- 
able to assume that the organism may enter the gastro-intestinal tract 
without the development of infection. This is evidenced by the absence 
of infection in vaccinated individuals as compared with the unvaccinated 
— ^both subjected to the same opportunities for the introduction of the 
organisms into the alimentary canal. 

Mixed infections of the paratyphoid bacillus with other water-borne 
organisms are not uncommon. In many outbreaks of paratyphoid in- 
X fection due to the ingestion of a highly polluted water, the onset of 
paratyphoid fever is preceded by an attack of gastro-enteritis, due 
to thA presence in the water of some other infection. Mixed infections 
of paratyphoid A and dysentery were not infrequent in the British 
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forces at Gallipoli. The two paratyphoid infections may exist in the 
same subject at the same time ; or infection by either of the paratyphoid 
organisms with typhoid fever may take place. Cases have been reported 
in which an apparent intercurrent relapse of paratyphoid fever has 
proven to be the onset of a complicating typhoid infection. 

(m) Local Infections. — ^Local infections by the paratyphoid organ- 
isms occur, as in typhoid fever, and with about the same frequency. 

Prevalence. — The existence of the i)aratyphoid infections as dis- 
tinct clinical entities has been known only since 1896. In all proba- 
bility the disease has coexisted with typhoid fever from remote times. 
It has now been identified in practically all parts of the world. 

According to Bainbridge, no case of paratyphoid fever had been 
reported in England previous to 1912 ; since that time many cases have 
been recognized. This author states that but two small outbreaks had 
been reported in France up to the same year. In Germany, previous 
to the war, the disease was quite prevalent, x^articularly in the south- 
western. part. During the war the disease became very prevalent in 
the Allied armies. French observers believe that the men were in- 
fected in the territory re-occupied after the Battle of the Marne, w’hich 
had been fouled by jiaratyphoid carriers among the German invaders. 
The Enteric Fever Commission, in 1906 to 1908, first recognized the 
disease in India; and since then it has been found to be widely preva- 
lent in the northern half of the country. In the United States, Proescher 
and Roddy, in 3910, found paratyphoid fever A in eight per cent, of 
262 oases presenting the symptoms of typhoid fever. The disease 
prevailed quite extensively among the troops mobilized along the Mexi- 
can border in 3916. It is now occasionally identified whenever bacterio- 
logical methods arc applied in the differential diagnosis of acute febrile 
diseases x)resenting the symptoms of typhoid fever. 

Paratyx)lioid fever is a much less common disease than typhoid fever. 
It is impossible to state how prevalent it is in this country. It is not 
often reported and few cases are recognized outside of the large cities. 
A fair estimate of the actual prevalence of the disease may be made 
by eomi)aring the number of cases of j^aratyphoid fever with typhoid 
fever in epidemics in which the two diseases have prevailed coincidently 
and have been differentiated. 

Kaysor, in Strasburg, from 1901 to 3907, examined bacteriologically 
505 cases presenting the clinical characteristics of typhoid fever. The 
typhoid bacillus was recovered from 437 cases and the paratyphoid 
bacillus A from 5 cases — about 1 per cent. Proescher and Roddy of 
Pittsburgh found paratyphoid A in 8 per cent, of 262 cases examined. 
During 1910, in the British Army in India, there were 306 cases of 
typhoid fever and 44 cases of paratyphoid A — about 15 per cent. Ger- 
man statistics from 1906 to 1909 collected by Uhlenhuth and Hiibener 
show 57,955 cases of typhoid fever and 1,662 cases of paratyphoid— 
about 3 per cent. Boycott estimates that in England about 3 per cent, 
of the enteric cases are paratyphoid infections. In 1917 and 1918 there 
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vere in the whole United States Army 1,065 cases of typhoid fever and 
127 cases of paratyphoid — ^12 per cent. 

In some of the war districts of Europe paratyphoid infections 
became relatively more frequent than typhoid fever. Unquestionably 
this condition was due to the fact that in the early period of the war 
the troops were immunized against typhoid fever but not against para- 
typhoid. To the end of 1916, 2,534 cases of paratyphoid fever and 
1,684 cases of typhoid fever had occurred among the British expedi- 
tionary forces ill France and Belgium. Among the British troops in 
Gallipoli and Lemnos 5,700 cases of enteric fever occurred. Of this 
number, 93 cent, had paratyphoid fever and 7 i>er cent, typhoid 
fever. 

Beloitive Incidence of Paratyphoid Infections A and B. — The relative 
incidence of jiaratyphoid infections A and B varies in different locali- 
ties and at different times in the same locality. In Germany, before 
the war, about 90 per cent, of the paratyphoid cases were j^ara B infec- 
tions. In eastern France in the early part of the war x^ara A infections 
markedly predominated ; later the proportion was reversed. Of 735 
cases treated by French observers and identified by blood culture, 572 — 
or 84.6 xx"!* cent. — were para A infections, and 113 — or 15.4 per cent. — 
w^ere para B infections. Among the British trooi)s in India paratyphoid 
A infections largely predominated. 

Webb- John son’s analysis of the enteric cases admitted to the largest 
British isolation hospital in France during the first two years of its 
operation shows 344 eases of paratyxihoid A and 1,038 cases of [para- 
typhoid B. In the Dardanelles camxiaign in 1915 paratyphoid B was 
the more prevalent infection during the warm months. About the end 
of October paratyphoid A infection became more common, and by De- 
cember it had almost entirely replaced paratyx^hoid 1^. Of the 127 cases 
occurring in the American Army 86 cases were x)ara A and 41 cases para 
B ; approximately two cases of para A to one of para B. 

In this country, so far as recorded, the paratyiphoid A infections 
ai-e in large majority. Chamberlain, with the trooi)s on the ^Mexican 
border, in 1916 observed 250 cases: 245 cases of para A and only 5 
cases of para B. Statistics from the civil [population are not available. 

Symptomatology. — Infection by organisms of the paratyphoid group 
may be classified into the following clinical types : 

(1) Paratyphoid^bacteriemia, or paratyphoid fever, clinically sim- 
ilar to typhoid fever. 

(2) Gastrointestinal Inflammations, 

( 3 ) Local Inflammations, 

The Bacillus paratyphosus A causes infections of clinical Types 1 
and 3. It rarely if ever causes infections of Type 2. The Bacillus 
paratyphosus B causes infections of all three clinical types. It fre- 
quently produces infections of Type 2. 

(1) Paratyphoid Fever. — Previous to the isolation of the [para- 
typhoid organisms the paratyphoid bacteriemias were grouf)ed clinically 
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either with typhoid fever, in the prolonged cases, or with the febrile 
intestinal derangements of undetermined etiology in the short course 
oases. Older clinicians will recall their diflfienlties in attempting to 
classify the mild enteric infections which were frequently met and which 
could not conscientiously be called typhoid fever. In our own experi- 
ence we have vivid recollections of many cases of fever in which the 
mode of onset and early symptoms seemed to justify a presumptive 
diagnosis of typhoid fever, only to have them end suddenly and discredit 
our diagnostic acumen. Present knowledge makes it quite probable that 
many of these eases were paratyphoid fever. 

(a) Clinical History. — The clinical history of paratyphoid fever 
bears a close similarity to that of typhoid fever. Although a few 
cases run the long and severe course of typical typhoid fever, para- 
typhoid is, in general, a less severe infection and corresponds more 
closely in its course to the mild and short duration forms of typhoid. 
Certain clinical differences are to be noted between the two diseases 
but, as Gay well says, ' ‘ these differences are not any greater than might 
occur between individual cases of typhoid fever, and could certainly 
never be used for the purpose of differential diagnosis of the one disease 
from the other in any given case.’* This close similarity makes a 
detailed description of the symptomatology of paratyphoid fever un- 
necessary. The group clinical characteristics of the two diseases will 
be considered and special features and symptoms compared. 

There are practically no clinical differences between the two forms 
paratyphoid fever A and B. A study of many case records, however, 
shows that in the fever caused by the Ba^ill'ws paratyphosus B abdom- 
inal symptoms tend to be more in evidence. 

Period of Incubation. — The average period of incubation is from 
ten to fifteen days. It may be as short five days. Headache and 
general malaise are occasionally noted during this period. In water- 
borne outbreaks an afebrile diarrhea is a common symptom. 

Period of Invasion. — Symptoms during Progress of Disease. — The 
onset may be insidious, with gradually increasing intensity of the 
symptoms, as in typical typhoid fever. A sudden onset, with a rapid 
evolution of the symptoms, is more frequently seen. There are the 
same lassitude, headache, shivering, loss of appetite, thirst, nausea 
and general muscular pain as in typhoid fever. Severe occipital head- 
ache and backache are frequent, and abdominal pain, colic and vomiting 
are apt to be more pronounced than in typhoid. Cramps in the calves 
of the legs is a common and suggestive symptom. Diarrhea and cOU- 
stipation occur with about equal frequency. In the para A infections 
which occurred on the Mexican border diarrhea and other abdominal 
symptoms were very unusual. In Robinson’s cases vomiting occurred 
in twenty-four per cent. Herpes of the lips and face is not uncommon, 
while in typhoid fever it is quite rare. Sore throat also is frequent. 

The temperature rises more abruptly than in typhoid fever, often 
reaching the maximum for the attack on the second to fourth day, and 
the fastigium is reached by the end of the third or thfe hegim^z^ .of 
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the fourth day. The fastigium is short, lasting four to seven days. 
During this time the fever continues with remissions or intermissions 
and the general symptoms are similar to those of the same period of 
mild typhoid fever. 

Defervescence begins about the ninth or tenth day of the illness with 
wide oscillations in the temperature and a general amelioration of all 
symptoms. Headache often persists through the period of decline, a 
condition which is rarely met in typhoid. The disease terminates quite 
uniformly by lysis. The period of decline is short and is usually com- 
plete in four or five days. 

Paratyphoid fever curves show great variation in type and may 
resemble the curves of the continued or remittent malarial fevers. 

The total duration of the febrile period is in general much shorter 
than in typhoid fever, usually being under two weeks. Two-thirds of 
Robinson’s cases were free from fever inside of a week after admission 
to the hospital. Severe cases may run the long tedious course of typical 
typhoid fever. 

Convalescence , — Convalescence is apt to be slow and attended by 
persistent muscular debility and an irritable nervous system. While in 
bed the temperature remains, as a rule, below normal and the pulse 
slow. Exercise, excitement or a digestive upset easily causes transient 
rise of temperature or tachycardia. 

Relapse , — Relapse occurs about as frequently as in typhoid fever — 
in about ten per cent, of the cases. Relapse is short in duration, averag- 
ing eight or nine days, and, in general, pursues a mild course. A slight 
evening temperature persisting after defervescence is a frequent prelude 
to relapse (Fig. 1). 

(&) Special Symptoms, — Temperature , — The temperature chart 
shows a curve that is quite, distinct from that of the average case of 
typhoid fever. The temperature rises quickly, with irregular remis- 
sions and intermissions, and usually reaches the maximum, 103° to 
104° F. (39.4 to 40° C.), by the third or fourth day — often as early 
as the second day. After a short fastigium, also marked by decided 
and irregular remissions, the temperature falls with wide daily oscilla- 
tions and reaches the normal in four to six days. After defervescence 
a persistent slight evening rise is often seen interrupted by recrudes- 
cence and short intercurrent relapses, and extending the febrile period 
to three or four weeks (Fig. 2). 

A course with regular remissions is occasionally met (Fig. 3). 
Excessive temperatures — above 104° F. (40° C.) — are unusual and a 
continuous high fever, so often present in typhoid, is very rare. 

Pulse . — The pulse rate is slow in relation to the height of the tem- 
perature. Robinson found this symptom even more marked than in 
typhoid fever, a rate of 48 to 60 with temperatures up to 102° P. 
(38.9° C.). Dicrotism is unusual, although the pulse is soft. 

The Bose Rash , — The characteristic rash has been found in about 
' sixty per cent, of the cases. The spots appear, as a rule, late in the 
febrile period — ^from the seventh to the nineteenth day; occasionally 
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as early as the fifth day. Wiltshire found spots during the febrile 
period, usually appearing within a day or two of lysis, in about two- 
thirds of his cases. In the other third they came during the period 
of decline or with the recrudescences of the early convalescent period. 
They are apt to appear in crops at intervals of three to seven days 
and during intercurrent relapse. Often they do not appear until after 
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Fig. 1. — Chart in 

Course prolonged by intercurrent relapse. (Observation 


the temperature has reached the normal level and for this reason may 
be overlooked. The distribution of the rash is usually upon the abdo- 
men and lower chest. In number the spots vary from a half dozen to 
about a hundred. A very abundant and widely distributed rash is 
occasionally seen. Writers describe two distinct types of rash which 
may occur independently or mingled together in the same patient. One 
type is identical in every respect with the rose rash of typhoid fever. 
The other, the paratyphoid type, has certain distinctive characteristics. 
The individual ‘^paratyphoid spot’^ is larger than the typhoid rose 
spot, more often elevated, and is lenticular in outline. It is much 
darker in color, does not completely disappear on pressure and, when 
it fades, leaves a slight temporarily pigmented and desquamating 
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area. The spot bears a close resemblance to the individual macule of 
the eruption of measles. These distinctive spots may be few in number 
or quite numerous. According to Wiltshire, they constitute a distinct 
diagnostic feature in favor of paratyphoid fever, particularly when 
they appear as the temperature is falling. 

Symptoms of the Respiratory Tract, — The frequence of epistaxis and 


Puls‘d . . 



Paratyphoid A. 

at Fort Sam Houston, Col. [now Maj. Gen.] M. W. Ireland.) 


of the symptoms of catarrhal inflammation of the respiratory tract is 
about the same as in mild typhoid fever. 

Abdominal Symptoms, — Nausea and vomiting are common early 
symptoms much more frequently in paratyphoid than in mild typhoid 
fever. Diairrhea is a frequent symptom, occurring in from one-third to 
two-thirds of the total cases reported. It is a symptom of the first three 
or four days of the invasion period and frequently marks the day of 
onset. In water-borne infections it may precede the febrile period by 
a week or more. It is not often severe and declines with the appear- 
ance of lysis. It is a much more constant symptom in paratyphoid B 
fever than in mild typhoid. Of the cases studied by Vaughan in the 
American Expeditionary Forces, diarrhea was a symptom in 65.2 per 
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Fig. 2. — Chart in Paratyphoid B. 

Sudden onset; persistent slight evening fever after lysis. (After Wiltshire.) 








Fig, 3. — Chart in Paratyphoid B. 

Sudden onset; remittent type of temperature. (After Wiltshire.) 
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cent, of' the cases of paratyphoid B, and in 33.3 per cent, of the cases 
of paratyphoid A. The stools are composed of loose, unformed 
fecal material and are brown in color. The light colored ‘‘pea soup’* 
stool of typhoid fever is not often seen. As above stated the 
Bacillus paratyphosus A does not cause gastro-enteritis. In the re- 
ported American outbreak in which cases of paratyphoid A infection 
predominated, diarrhea was exceptional. It is reasonable, therefore, to 


Temperature Pulse . 

BATE 1 /fir I 



Fig. 4. — Chart in Paratyphoid A. 
Short course. (After Hurst.) 


assume that in outbreaks in which diarrhea affects a large percentage 
of those attacked the incidence of paratyphoid B infections is rela- 
tively high. Tain is a frequent symptom of the early days of the 
disease, perhaps more frequently observed than in typhoid fever. It 
may be severe and be accompanied by rigidity and tenderness^ especially 
in the right lower quadrant. Such cases may readily be mistaken for 
appendicitis. The spleen is palpable only in about 25 per cent, of the 
cases. It rarely shows the marked enlargement so common in typhoid. 
On the other hand the liver is more frequently enlarged in paratyphoid 
fever. Jaundice is a frequent symptom in some outbreaks. 
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Nervous Symptoms . — There is a marked absence of nerves symp- 
toms of severity. Headache is often of longer duration than in typhoid, 
but not more severe. Mild mental confusion is not uncommon but 
delirium is very exceptional. The patient is mildly apathetic but 
rarely shows the stupor so common in typhoid, and rarely develops the 
typhoid state. 

( 2 ) Gastro-intbstinal Inflammations. — Gastro-intestinal inflam- 
mations of paratyphoidal origin are caused by the Bacillus paratyphosus 

B. The Bacillus paratyphosus A rarely, if ever, has been found to be the 
cause of this clinical type. A clinically identical gastro-enteritis — one of 
the forms of food poisoning — ^may also be caused by the Bacillus en- 
teritidis of Gartner, a member of a subgroup of the paratyphoid 
organisms. 

The symptoms are those of a gastro-enteritis of the food poisoning 
type. The period of incubation is short, the symptoms coming suddenly 
from twelve to thirty-six hours after the ingestion of the infected food. 
The extreme limits are one hour and four days. The short interval be- 
tw^een the ingestion of the poisoned food and the onset of symptoms is 
probably due to the fact that the gastro-enteritis is a local process excited 
by the toxins elaborated in the food by the bacillus and is not a 
manifestation of a bacteriemia. 

It is difficult to explain why a bacteriemia with clinical symptoms of 
the typhoidal type does not more frequently result from such an in- 
fection. In Whitman’s 52 cases of i)aratyphoid B infection all re- 
covered as soon as the local inflammation subsided. 

Invasion begins with nausea and vomiting, abdominal pain and diar- 
rhea. Headache is an initial symptom in about one-half the cases. A 
chill or repeated shivering is usually present. There are often faintness 
and dizziness or, in severe cases, collapse ivith small pulse and cold wet 
skin. Stupor or coma are occasionally observed. Abdominal tenderness 
may be a marked feature and, as in the paratyphoid fever type, the 
attack may closely simulate appendicitis. The temperature rises quickly 
to a moderate height and reaches its maximum during the first day or 
two of the illness. It varies in height from 101° to 104° P. (38.3° to 40° 

C. ). It pursues an irregularly remittent course and falls rather abruptly. 

In this type of infection the rose spots arc jiresent in about the same 
percentage as in the typhoidal type, although they often do not appear 
until after defervescence. 

Severe attacks may assume the clinical characteristics of cholera nos- 
tras. 

The disease runs a short course and terminates in from three to 
eight days. In an outbreak reported by Whitman, of 53 cases, the dura- 
tion of the shortest was three days and the longest seven days. 

Convalescence is usually slow and often follow^ed by a long period 
of muscular weakness and mental depression. 

(3) Local Inflammations. — Local inflammations may be caused by 
either of the two paratyphoid organisms. These inflammations occur 
with about the same frequency as in typhoid fever and tend to invade the 

VOL. IV.— 41 
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same structures. Meningitis is more often produced by the paratyphoid 
organisms than by the typhoid bacillus. The gall-bladder is constantly 
invaded and cholecystitis is not very rare. The rather frequent occur- 
rence of jaundice indicates a greater tendency for the infection to invade 
the bile ducts than is shown in typhoid fever. 

The symptoms of the various local inflammations caused by mem- 
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Fig. 5. — CJhart in Paratyphoid B. 

Steplike rise of temperature of invasion period. (After Wiltshire.) 


bers of the paratyphoid groups of microorganisms are the same as 
when they are the result of other infections. 

Diagnosis. — ClinicaIj Diagnosis. — The problem of the clinical diag- 
nosis of paratyphoid fever requires the analysis of the same symptom- 
complex that is presented by typhoid fever. Differentiation from other 
acute febrile diseases is made from the same clinical data that are avail- 
able in the differentiation of typhoid fever. 

In paratyphoid, as in typhoid fever, a presumptive diagnosis only can 
be made from clinical findings. Laboratory confirmation, by the 
agglutination reaction or by the recovery from the blood, stools or 
urine of the specific organism of the disease, is essential to a positive 
diagnosis. 
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The frequency of short duration cases of paratyphoid fever in the 
recent war areas of France and the simultaneous prevalence of influenza 
made the differential diagnosis of these two diseases a question that 
often came up for consideration. Wiltshire gives the following points 
in favor of a diagnosis of paratyphoid fever: “The more gradual 
onset of symptoms and ascent of fever; the absence of coryza; the rarity 



Fig. 6. — Chart jn Paratyphoid B. 

Sudden onset: short course; recrudescence on 16th day. (After Wiltshire.) 


of rigors; the absence of early cough; the gradual onset of prostration, 
and its mild character compared with the degree of fever ; the oc(*urrence 
of diarrhea ; abdominal tumidity ; the absence of signs of cardiac em- 
barrassment during the febrile stage; the absence of postfebrile psycho- 
ses and affections of special sense/ ^ 

Is it possible clinictdly to differentiate between paratyphoid fever 
and typhoid fever? Before the clinical experience gained in the recent 
war. checked up by abundant laboratory investigation, writers answered 
this question with an emphatic negative. With individual and isolated 
cases this answer still holds good. Wide variations from group charac- 
teristics are so frequent in both diseases that individual cases cannot 
with certainty be distinguished one from the other. 
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The main clinical differences between paratyphoid and typhoid 
as presented in large groups of cases, have been brought out with dis- 
tinctness by observers in the war zones and may serve for making a 
presumptive diagnosis in outbreaks either of paratyphoid or of typhoid 
infection, or in epidemics in which both diseases prevail together. 

The following points are in favor of a diagnosis of paratyphoid 
fever: the aibrupt onset often accompanied by vomitihg and chills; 
the shorter duration of all stages of the febrile period; the early ap- 
pearance of marked remissions of fever; the very slow pulse and in- 
frequent appearance of dicrotism; the moist and cleaner tongue; the 
greater frequency of gastro-intestinal symptoms ; the darker color of the 
stools; the frequency of jaundice and enlargement of the liver; the in- 
frequency of a palpable spleen ; the different character of the rose spots 
and their appearance when other symptoms are improving; the greater 
frequency of herpes ; the absence or mild character of the nervous symp- 
toms except headache ; the persistence of headache after defervescence ; 
the frequency of occipital pain and of joint and muscle pains. 

These clinical characteristics of paratyphoid fever are significant 
when applied to cases in the aggregate; a positive differential diagnosis 
from typhoid fever in any given case is not possible, however, without 
the aid of laboratory exarmnations. 

Paratyphoid infections of Type 2 — the gastro-intestinal inflamma- 
tions — can be differentiated from gastro-enteritis due to other causes 
only by the recovery of the paratyphoid organism from the blood or 
stools. In the local inflammations — Type 3 — diagnosis will be made by 
the recovery of the bacillus from the affected organ or tissue. 

Laboratory Diagnosis. — The technical details for the laboratory 
diagnosis of paratyphoid fever are identical with those of tyjflioid fever 
and may be found in that section. (See page 518.) 

Blood Culture, — Recovery from the blood of one of the paratyphoid 
organisms is conclusive evidence of a paratyphoid bacteriemia, or para- 
typhoid fever. Figures are not available that give the percentage of 
positive findings. It is certain that this percentage is lower than for 
typhoid fever. The paratyphoid bacillus remains in the blood stream for 
a shorter time than the typhoid bacillus and, for this reason, is more 
difficult of isolation. Diagnosis by blood culture was the method of 
choice with the armies in France, 

Fecal Culture, — Paratyphoid bacilli are excreted by the feces 
in abundance and quite continuously during the course of paratyphoid 
fever. Positive findings are more frequent than in typhoid fever and 
in much higher percentage in the early stages of the disease. Krum- 
wiede examined the stools of 57 cases of paratyphoid fever occurring 
among the men of the 14th Infantry, New York National Guard, with 
the following results: Positive findings: period of incubation, 15 per 
cent. ; 1st week, 83 per cent. ; 2nd week, 50 per cent. ; 3rd week, 
33 per cent. ; 4th week, 20 per cent. ; 5th week, 15 per cent, and 
6th week 20 per cent. The technic of fecal culture is much simpler than 
that of blood culture and, judged by the excellent results obtained by 
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Eisqiunwiede, the bacteriological examination of the feces is the most 
satisfactory method of laboratory diagnosis of paratyphoid fever. 

The Agglutination Test. — The value of the Widal reaction in the 
differential diagnosis of paratyphoid fever is still the subject of con- 
troversy. That it is not as reliable a method in paratyphoid as in typhoid 
fever has been demonstrated, and in recent years the reliability of the 
test has become further vitiated by the introduction of antiparatyphoid 
vaccination. Satisfactory conclusions can be drawn from the test only 
when it is made by an expert and when due consideration is given to all 
the possibilitit's of error. 

Complications. — The complications of paratyphoid fever are of the 
same general character and relative incidence as of typhoid fever, but 
far less frequent. In the outbreaks along the Mexican border complica- 
tions were rare and unimportant. In civil practice in this country they 
are also infrequent. Under war conditions in Europe the percentage 
was higher and in some sections in France paratyphoid fever closely 
followed typhoid in the incidence and severity of complications. 

In Webb- Johnson’s series of cases of paratyphoid fever, of the two 
most important complications, hemorrhage occurred in 17 cases — 1.22 
per cent., and perforation in 5 cases — .37 per cent. In 1,118 cases of 
typhoid fever during the same period and under the same conditions, 
hemorrhage occurred in 50 cases — 4.74 per cent., and perforation in 
9 cases — .80 per cent. 

The influence of prophylactic vaccination in ameliorating the severity 
of paratyphoid fever is shown by his statistics to be very great. The 
incidence of all complications is reduced to an insignificant number. In 
364 vaccinated cases there was but one instance of perforation. The 
percentage of complications in the cases of paratyphoid B fever was 
nearly double the percentage in the cases of paratyphoid A. 

Clinical Varieties. — Mild Forms. — The recent reports of the disease 
as it has occurred among troops in this country and Europe show that 
mild forms of the paratyphoid infections are very common. They bear 
only a faint resemblance to typhoid fever and, except for the laboratory 
studies of the medical officers of the army, they would probably have 
been classified as cases of digestive derangement, influenza or fever of 
undetermined etiology. It is quite certain that such eases also occur 
among the civil population but escape identification. They are rarely 
admitted to the hospitals, but come under the care of physicians in 
private practice and recover and pass from observation before an op- 
portunity is given for laboratory study. 

Treatment. — ^Paratyphoid and typhoid bacilli escape from infected 
individuals by the same routes. Transmission also of both infections is 
by the same channels, with the single conspicuous difference that the 
Bacillus p&ratyphosus B more frequently gains entry into the human 
organism through the medium of infected food. 

Prophylaxis. — The specific measures for the prevention of typhoid 
fever by the destruction of the hacittus at its source and by the prevent 
tion of its transmission from the sick to the well apply with equal force 
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to the prevention of the paratyphoid infections. The transmission of the 
paratyphoid organisms by food infection can be prevented by cleanliness 
in food distribution through sterilization of all food supplies. Un- 
like the BacUhis typhosus the paratyphoid organism multiplies in in- 
fected meat which has been imperfectly cooked, or in well cooked meat 
which has been contaminated after cooking by unclean hands, cooking 
utensils or flies. Preserved and canned meats, minced meats and sausage 
are especially liable to act as such culture media and should be given 
special consideration. 

The carrier problem has the same significance here as in the prophy- 
laxis of typhoid fever. Carriers should be sought among those who have 
to do with the preparation and distribution of food and, when found, 
treated in the same manner as typhoid carriers. All persons who of 
necessity must be in contact with carriers should be protected by 
vaccination. 

Antiparatyphoid Vaccination , — This subject has been fully consid- 
ered in the section on antityphoid vaccination. The evidence available 
at this date confirms the opinion that vaccination against paratyphoid 
infections gives an immunity equal to that given by vaccination against 
typhoid fever. Among over 2,000,000 men of the American Army in the 
camps and cantonments in this country during the war, paratyphoid 
as well as typhoid fever was practically unknown. Even under the 
necessarily defective sanitary conditions at the front in France, and in 
men subjected to the terrible physical and mental strain of battle con- 
ditions, the immunity given by vaccination was broken down in but 
very few instances. In the whole American Army at home and abroad 
during the years 1917 and 1938 only 127 cases of paratyphoid fever 
occurred. 

Medical Treatment. — The medical treatment of paratyphoid fever 
is identical in all its details with the medical treatment of typhoid fever. 
"The paratyphoid B infection with the clinical characteristics of gastro- 
enteritis do not differ in any way from gastro-enteric infections from 
other organisms and should receive the same treatment. Convalescence 
should be guarded with the same care as in typhoid fever. Hemorrhage 
has been observed after convalescence appeared to be well established. 
Rest in bed should be enjoined for at least a week after defervescence. 

Prognosis. — The mortality of paratyphoid fever under peace condi- 
tions is very low. No death occurred in the cases in the American Army 
on the Mexican border. Sacquepec found only 4 deaths in 2,725 cases — 
.15 per cent. Under war conditions the mortality is higher. In Webb- 
Johnson’s series of 1,020 cases not protected by vaccination 18 died — 
1.75 per cent. All of 362 vaccinated cases recovered. In some small 
groups of cases observed in the French Array the mortality reached 3 
per cent. • 

As a rule the para B infections have a higher mortality than the^ 
para A infections. Webb- Johnson recorded a mortality of 2.12 per cent, 
in para B infections and .45 per cent, in para A infections^ Vaughan 
reported a mortality of 4.3 per cent, in the paratyphoid B infections, and 



HISTORICAL SUMMARY 


647 


0 per cent, in the paratyphoid A infections. In an occasional outbreak 
in Prance the proportion was reversed. 

As in typhoid fever, death usually results from one of the complica- 
tions — most commonly hemorrhage or perforation. Toxemia alone is 
rarely fatal. 

Pathology. — There is nothing in the morbid anatomy of the para- 
typhoid infections that distinguishes them from typhoid fever or that 
distinguishes the two infections A and B from each other. In the few 
autopsy studies recorded there was found a more extensive ulceration 
of the colon than is usually found in typhoid fever. The ascending 
colon is most frequently the seat of ulceration, and in rare cases the 
process may involve the whole length of the colon. In many cases of 
para A infection there is no intestinal ulceration and no postmortem evi- 
dence of intestinal inflammation. 

Historical Summary. — Knowledge of the paratyphoid infections is 
of recent date. The first of the paratyphoid group of organisms to be 
discovered was the Bacillus enteritidis, isolated by Gartner in 1888, 
from the spleen of a patient who died from meat poisoning. In 1896 
Achard and Bensaude isolated an organism, distinct from the Eberth 
bacillus, from two eases of clinical enteric fever, which they named the 
‘‘ijara typhoid bacillus.’’ In one case the bacillus was recovered from 
the urine and in the other from a complicating purulent arthritis. Gwyn, 
in 1898, working in Osier’s clinic, cultivated a paratyphoid bacillus 
which he described as the ‘ ‘ paracolon bacillus, ’ ’ from the blood of a pa- 
tient presenting the clinical features of typhoid fever. In 1901 Schott- 
miiller obtained by blood culture, from patients presenting the symp- 
toms of typhoid fever, two bacilli which Brion and Kayser named Bacil- 
Itis paratyphoms A and Bacillus paratyphosus B, 

The demonstrations of these early workers have been verified by sub- 
sequent research. During the recent war the paratyphoid infections 
have prevailed extensively among the troops at the front, and much has 
been added to our knowledge of the clinical history of the disease. It 
has been shown that both the paratyphoid organisms cause a bacteriemia 
with symptoms similar to those of typhoid fever. The para A bacillus 
practically always produces this type of the disease; it rarely if ever 
excites a gastro-enteritis. The relation of the para B bacillus to the 
typhoid-like cases on the one hand and to the food-poisoning type on the 
other have been the subject of much difference of opinion. Food poison- 
ing epidemics have been very common in Germany, due either to the 
Bacillus enteriditis or to the Bacillus paratyphosus B, Bainbridge, writ- 
ing in 1912, held that food poisoning is not caused by the Bacillus para- 
typhosus B but by other closely related organisms of the paratyphoid 
group and that infection by this organism produced only typhoid- 
like symptoms the same as paratyphoid A. Studies made possible by 
the recent wide prevalence of the disease in Europe appear to have 
demonstrated that either type of clinical phenomena — the typhoid type 
or food-poisoning type — ^may be the result of infection by the BaciRus 
paratyphosus B. 
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Definition. — Colon bacillus infections are acute or chronic febrile 
diseases caused by the invasion of the blood stream or tissues by the 
Bacillus coliy and are manifested clinically either by a continued fever 
somewhat resembling typhoid fever or by local inflammations with pus 
formation, of which inflammations of the urinary tract, the biliary tract 
and the peritoneum are the most common. 

Etiologjr.-T-PBEDisposiNQ Causes. — AgCy Sex, Social Conditions, etc . — 
The disease is common to all a^es. In adults the disease is more fre- 
quent in women in the child-bearing age and in men in the age of pros- 
totie obstruction^ Social condition, hygiene, occupation and environment 
liO>e no bearing on the disease. Individual susceptibility depends more 
on aeeoeiated disease than on a natural lack of immunity. Colon ba- 
Jb coihmon in the tropics because of the frequency of 
Sir ^ames Roberts states that it is very commqn in 
and^he advisee jthat surgeons intendii^ to practice there Bnould 
training The infection is more frequent in in- , 

the summer months, 
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Other Diseases. — ^Hirschsprung disease is frequently complicated by 
pyelonephritis of the colon bacillus type, according to Langsteim Con- 
genital malformations of the kidney and ureter and ureteral obstruction 
predispose to the infection. Renal calculus and hypertrophy of the 
prostate with obstruction to the urinary flow eventually result in in- 
fection of the kidney by this organism. Diseases of the intestine, such 
as acute enteritis or colitis, typhoid fever, intestinal cancer, or parasitism, 
may be followed by colon bacillus infection. General infections may 
result from local inflammation of the gall-bladder, urinary tract, pelvic 
organs and veins and the appendix. Scarlatina, diphtheria and measles 
are more often followed by colon bacillus infection than are the other 
acute febrile diseases. Diseases and injuries of the spinal cord, such 
as fracture of the vertebrae, tabes, acute anterior poliomyelitis and 
pernicious anemia, usually result in colon bacillus infection of the urinary 
tract. 

Pyelitis and pyelonephritis occur in about 20 per cent of pregnant 
women. The reason for its occurrence is not well understood. Dis- 
placement of the kidney, pressure on the right ureter, especially with 
the fetus in the dextro-position, edema of the pelvic organs with ob- 
struction of the ureter and increased general susceptibility to infection 
are reasons advanced. 

Trauma. — Colon bacillus infection occasionally occurs in newly 
married women. It is probably the result of trauma to the bladder or 
genitalia, or it may be due to the activation of a preexisting unrecog- 
nized infection. The infection may occur after instrumentation or minor 
operations upon the lower urinary tract. 

A previous attack renders the patient more susceptible. Whether 
this is due to latent infection or to pathological changes in the pelvis 
and ureter is at present unsettled. 

Exciting Cause ; Bacteriology of the Organism. — The bacteriologi- 
cal description of the colon bacillus will be found in the section on Ihe 
Colon-typhoid Group of Organisms in the chapter on Typhoid Fever 
(p. 457, this volume). 

Mode of Infection. — Colon bacillus infection is the result of auto-in- 
oculation by the organisms of the patient’s intestinal canal. While cases 
due to infected water supply or to direct contact with the organism oc- 
cur, they are too rare to be of clinical interest. The bacilli enter the 
body through the intestinal wall, through the skin in the region of the 
external genitalia and through the lower urinary tract. Minute breaks 
in the continuity of the intestinal mucous membrane are sufficient to 
cause entrance of the bacilli, C. A. McWilliams states that colon bacilli 
may be found in the sac of a strangulated hernia ten hours after the 
onset. 

Colon bacilli in the peritoneum may enter both the lymphatics, from 
which they are carried to the thoracic duct, and the blood stream. David 
has demonstrated this in dogs and has found the bacilli in both the liver 
and spleen a few minutes after intraperitoneal injection. If a plastic 
peritonitis is present the bacilli do not leave the peritoneal cavity. 

C. Franke has demonstrated lymphatic communication between the 
right kidney and the ascending colon. It is improbable that the bacteria 
reach the kidney by this route, though the greater frequency of right- 
sided pyelonephritis is at present unexplained. 
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Colon bacilli are frequently present in the bladder and prostate and 
upon the external genitalia. Prom these areas they reach the blood 
stream and lymphatics and they are eventually excreted by the kidney. 
Cabot and Crabtree have proven that spread of the infection in this 
manner often results in infection of the kidney, and they believe that 
ascending infection through the ureters cannot occur when the urinary 
flow is unobstructed. It is now believed that the urinary flow is ob- 
structed much more often than was formerly thought possible. This is 
due to ptosis, rotation and mobility of the kidney as well as to congenital 
anomalies. Hunner’s theory of ureteral obstruction is generally ac- 
cepted by urologists, though true ureteral stricture is a rare finding. 
Regurgitation of urine from the bladder may occur when the intravesic- 
ular pressure is but little above normal. When the organisms have 
reached the kidney they pass through the glomeruli to the tubules and 
from there to the pelvis. They remain in the pelvis and at intervals 
ascend into the kidney, probably along the lymphatics of the intertubular 
spaces. 

Types of Infection , — The colon bacillus is essentially one of the 
pyogenic organisms with special tendency to localization in the urinary 
tract, the pelvic organs, the peritoneum and the biliary tract. Variations 
in the virulence of the organisms have not been proven. The organism is 
frequently present in the kidney and probably the gall-bladder without 
resulting in disease, or mild infections of these organs exist without 
causing symptoms. It is common for mixed infections to occur, espe- 
cially with the streptococcus and staphylococcus. Many authorities doubt 
that the colon bacillus is ever the primary cause of disease, believing that 
when it is found in pure culture it has been preceded by another organism 
which has been overgrown. In addition to its usual areas of location 
the colon bacillus has been demonstrated in inflammation of practically 
all of the tissues of the body. It is common as a terminal infection 
in heart disease, nephritis or other chronic conditions. 

Symptomatology. — Clinical Findings. — Infections by organisms of 
the colon group may be classified into the following clinical types : 

(1) Bacteriemia clinically similar to mild typhoid fever. 

(2) Local inflammations. 

(3) Bacteriemia with local abscess formation. 

(4) Secondary implantation of the bacillus upon a tissue already 
damaged. 

(5) Terminal invasion of the blood and organs. 

(1) Bacteriemia Clirtically Similar to Mild Typhoid Fever , — ^The on- 
set is gradual, with fever, headache, pains in the epigastrium, abdomen 
and extremities, loss of appetite, -sometimes nausea and vomiting, diar- 
rhea or constipation. Rarely the onset is sudden, with chill. The tem- 
perature gradually rises, reaching a height of from 101® to 104® F. 
(38.3® to 40® C.) in several days, and from then on it falls by lysis to 
normal from the tenth to fourteenth day. 

The disease does not pursue the prolonged course of typhoid fever. 
Exhaustion and emaciation are less severe. Diarrhea of a severe type is 
not common. Hemorrhage and perforation do not occur, as Payer’s 
patches are not ulcerated. Secondary anemia is common. Relapses 
similar to those of typhoid fever have been reported. 
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Such cases are generally classified as mild typhoid fever or fever of 
unknowia, etiology, wherever laboratory methods of diagnosis are not 
used. Cases have been studied in detail by Coleman and Hastings, and 
Cabot and Crabtree, all of whom have determined by blood culture or 
agglutination reactions that the disease is a separate entity from typhoid 
fever. 

McWilliams has described a form of colon bacillus septicemia with 
hemorrhagic purpura occurring in infants, which is very fatal. Bacillus 
coli has been found postmortem in some cases of Winckel’s disease — a 
fatal infection in the newly-born. The infection enters by way of the 
umbilical cord stump. 

(2) Local Inflammations. — {a) Urinary Tract. — Colon bacilli may 
be excreted in the urine in large numbers without the production of 
symptoms or of pathological changes in the urinary tract. This was first 
demonstrated by T. Rovsing and has been confirmed by other investiga- 
tors. The condition occurs in association with constipation, diarrheal 
attacks, typhoid fever, scarlatina, measles and diphtheria and after ab- 
dominal operations. Colon bacilluria may be the first manifestation of 
a urinary tract infection. It also occurs almost constantly in colon 
bacillus bacteriemia with abscess formation in other parts of the body. 

Cystitis, pyelitis, pyelonephritis and pyonephrosis are the usual re- 
sults of colon infection of the urinary tract. More rarely it causes 
urethritis, epididymo-orchitis, prostatitis and peri-urethral abscess. 

In view of the fact that the kidney, the renal pelvis and the bladder 
are involved simultaneously, it is impossible to separate pyelonephritis, 
pyelitis And cystitis into definite clinical entities. The symptoms are 
often confused and frequently misleading. In infants the symptoms are 
of a general nature, including irregular fever with, at times, chills, pal- 
lor, restlessness and loss of weight. In children, delirium, coma and 
convulsions may occur, or there may be symptoms of meningeal irritation. 
C. R. Box has observed children who are shy, nervous and dull and 
suffer from headaches and incontinence of urine. The tongue is coated 
and the bowels irregular. The symptoms disappear with the cure of 
the colon bacillus infection. Rapid respiration and pain in the lower 
thorax may be caused by diaphragmatic irritation. Indigestion, loss of 
appetite, vomiting and abdominal pain occur in children. The symp- 
toms are chronic or recurring. 

Culver, Herrold and Phifer report a careful analysis of the symp- 
toms presented by 116 patients. Pain, chills and fever and frequent 
painful micturition are the three characteristic symptoms of upper uri- 
nary tract infection. Pain occurs in about 90 per cent of the cases. 
In most instances it is in the lower back on one or both sides, and varies 
in intensity from a dull ache to an acute pain. It may radiate to 
the pelvis or thigh or to the neck. It may occur in the abdomen simulat- 
ing acute appendicitis or renal colic, or it may be in the bladder region 
only. Chills and fever and frequent painful micturition are found |n 
about one-half of the cases. Constipation, headache, vomiting, 
turia, loss of weight and incontinence of urine are less often olteerved^ 
but may be the only symptoms of which the patient complaitMSv 

Uremia may result from B. coli infection if the inf^titm has 
preceded and extensive renal destruction, or if it has.ham 

imposed on ciMes of chronic nephritis or polycystic disease of the tnanqyl 
Its occurrence is rare. 
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Colon bacillus infection of the kidneys and pelvis may show eveir 
grade of severity. It may be so mild that the patient go^ about his 
daily occupation without symptoms; or it may be rapidly fulminating, 
with chills, high fever, abdominal pain, delirium, severe toxemia and 
prostration. The usual picture, however, is one of moderate or severe 
sepsis. 

The duration of colon infection of the urinary tract is variable. 
While certain cases promptly recover, the greater number become 
chronic. Other cases may clear up temporarily both as to symptoms 
and urinary findings, and later relapse. Others still continue to have 
i^jonptoms of little or moderate severity associated with occasional pe- 
riodic exacerbations. Much depends upon the success of local treat- 
ment by the urologist. 

Acute or chronic urethritis, epididymo-orchitis and prostatitis are 
caused by the colon bacillus in rare instances. Endometritis and pelvic 
infiammations due to this organism are occasionally observed. 

(6) Appendix. — A. Kelly states that the colon bacillus has been 
found in 86 per cent of the cases operated upon at the Johns Hopkins 
Hospital, generally associated with other organisms, especially the strep- 
tococcus and staphylococcus. He noted that the cases due to the colon 
bacillus alone were milder and that the disease was limited to tissues of 
the appendix region, while the cases of mixed infection showed extensive 
and severe peritonitis. The colon bacillus rapidly overgrows the strep- 
tococcus and the staphylococcus, and for this reason may be found alone 
even when it is a secondary invader. H. C. Low has reported the bac- 
teriology of 100 cases of appendicitis. The colon bacillus was present 
in pure culture in 8, and with cocci in 74. The streptococcus was pres- 
ent in pure culture in 2. In cases of three days^ duration or less the 
colon bacillus was found in 62 per cent and the streptococcus in 81 per 
cent. In cases of two or three weeks ^ duration the colon bacillus was 
present in 87 per cent and the streptococcus in 55 per cent. The colon 
bacillus alone was found in only one acute case of less than three days’ 
duration. Low also noted that the colon bacillus alone causes a less 
severe disease than the streptococcus alone or than a mixed infection. 
Metastatic abscesses due to the colon bacillus may follow appendicitis. 

(c) Biliary Tract. — A. 0. J. Kelly, studying in Leaver’s clinic, found 
the colon bacillus alone in 28.33 per cent of 240 cases of cholecystitis, 
and associated with staphylococcus in 0.85 per cent of the cases. Cholan- 
gitis, liver abscess and subphrenic abscess may be due to the colon 
bacillus. 

(d) Peritoneum. — ^Dudgeon and Sargent conclude that the colon 
bacillus causes the largest number of fatalities in peritonitis. Its viru- 
lence varies, and while it is less virulent than the streptococcus it occurs 
more frequently. Plexner, in 56 cases of peritonitis due to bowel in- 
fection, found the colon bacillus in pure culture in 8, and associated 
with other organisms in 35 — a total of 43 cases. J. C. Briscoe reports 
three chronic eases in which caseating peritoneal masses due to the colon 
badlBus were operated upon. 

Organs Other Than the Kidney, Liver, Bile Ducts, Appei^^x and 
^feritone^. — ^In rare instances the colon bacillus invades organs other 
the kidney, liver, Ule ducts, appendix and peritoneum. Lobtilar 
pleuritis, empyema and multiple abscesses of the lung have 
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been observed. Endocarditis and pericarditis are reported. Meningitis 
may follow, acute enteritis or otitis media. Brain abscess and myelitis 
are sometimes due to the colon bacillus. The organism may be found in 
otitis media or mastoiditis, tonsillitis or empyema of the nasal accessory 
sinuses. In the extremities, periostitis, suppurative arthritis and in- 
fections in lacerated wounds have been reported. Cutaneous abscesses 
of infants, herpes of the lips and mucous membrane of the mouth and 
septic onychia have been due to this organism. It may be found in the 
wounds of abdominal and other operations, and was first observed out- 
side of the digestive tract by Tavel in the wound of an operation on 
the thyroid gland. 

(3) Bacteriemia with Local Abscess Formation. — Blood-stream infec- 
tion is associated with localized inflammation in many cases. It may 
precede or follow the local infection. Recognition of this condition has 
been delayed, owing to the difficulty in isolating the colon bacillus from 
the blood. 

Jacob, studying colon bacillus bacteriemia, found that local abscesses 
resulted in 22.5 per cent of the reported cases and in 1 of 13 cases of 
his own. Of the 8 cases taken from the records of the Massachusetts 
General "Hospital, 2 showed evidence of local areas of inflammation. 
Coleman and Hastings in their 3 cases of colon bacillus septicemia found 
clinical evidence of acute cholecystitis in 1 of them. Cabot and Crabtree 
took blood cultures of 32 cases of pyelonephritis during or shortly after 
a chill and found B. coli present in 12. They cite one case in detail — 
a patient with enlarged prostate and residual urine, who was being 
treated by inlying catheter. On the eighth day there occurred burning 
micturition followed in two hours by a rigor. The urine at this time 
showed no microscopical evidence of infection, although the blood culture 
was positive. The following day pus and bacilli appeared in the urine. 
They quote Kowitz, who found that certain infants suffering from diar- 
rhea showed first colon bacilli in the blood and then albumin, bacteria 
and pus, in sequence, in the urine. 

Pelty and Keefer have studied in detail 28 cases in which B. coli 
was found by blood culture at the Johns Hopkins Hospital. The portal 
of entry of the organism was the urinary tract in 16 cases, the female 
genitalia in 6, the intestinal tract in 2, wound infection in 1. No portal 
of entry was found in 3 cases, 2 of them being terminal infection. The 
infection followed cystoscopy or some surgical trauma in 20 and was 
spontaneous in 8. The organism did not persist in the blood stream 
over five days, showing its tendency to die rapidly in this medium. The 
fever was usually of about seven to ten days’ duration. Jaundice was 
observed in 3 cases, petechiae in 2 and hemoglobinuria in 1. Metastasis 
occurred in 5 cases, the lungs and kidneys being the organs involved. 
The mortality was 32 per cent, 11 cases. The fatal outcome was due 
rather to the serious focal lesion than to the dissemination of the or- 
ganism into the circulation. 

Widal and Lemierre report 16 cases in which B. coK was recovered 
from the blood stream. The condition followed gastro-enteritis in 3 
cases, typhoid fever in 1 case, cholecystitis or cholangitis in 4, pyelitis 
in 3, puerperal infection in 2, wound infection in 1, tuberculosis in 1 
and was without obvious preceding disease in 1. The duration of the 
fever was from 5 to 26 days, and the organism was recovered from the 



PRACTICE OF MEDICINE— Tice. 

These new pages 649-665 take the place of the old pages 649-667, Vol. IV. Take out the old. Insert the 


SYMPTOMATOLOGY 


655 


blood up to the twenty-second day. Four patients of this series died 
and 12 recovered. 

Sison and Cruz report a fulminating case of colon bacillus sepsis 
with death following gall-bladder infection. 

The onset of the septicopyemic type of the disease is generally with 
chill followed by high fever. The symptoms are more serious than those 
of either of the uncomplicated infections already mentioned. The accom- 
panying local disease may be manifest or it may remain obscure for 
many days. The temperature curve is extremely irregular, with wide 
daily swing and chills. It may be intermittent, remittent or relapsing 
in character. The course of this type of the disease is long, extending 
over many weeks. 

(4) Secondary Implantation of the Colon Bacillus upon a Tissue 
Already Damaged, — In appendicitis, peritonitis, cholecystitis and uri- 
nary tract infections, the colon bacillus is associated with other or- 
ganisms in many cases. Even when it is obtained in pure culture it is 
quite probable that it has overgrown the original organism. 

(5) Terminal Infections . — Flexner has made a careful investigation 
of the terminal infections of heart disease and chronic nephritis — pa- 
tients in whom no infection had existed until shortly before death. 
There were 222 cases studied. Colon bacillus appeared alone in 2 cases 
of general infection, and in combination with other organisms in 4. It 
appeared alone in 24 eases showing local infection of the various organs, 
and 41 times in combination with other organisms. In all, the colon 
bacillus invaded the blood stream or tissues in 71 of 222 cases. 

The organisms were found by culture or stained section in all of the 
viscera and also in the peritoneum, pericardium, endocardium and 
pleura. It was found that they may cause a definite lesion of the tissues 
in which they lodge or they may be present without local reaction. Flex- 
ner believes that the bacillus wanders through the intestinal wall wher- 
ever a small lesion such as ecchymosis, erosion or ulcer exists. It is 
found in distant viscera almost without exception if a serious lesion of 
the intestine is present. 

Physical Findings. — Bacteriemia. — The patient has the appearance 
of mild typhoid fever. The tongue is coated and tremulous. A rose 
rash similar to the rash of typhoid fever is present upon the abdomen. 
Tympanites occurs and the spleen is enlarged. 

Local Inflammations and Septicopyemia, — The local inflammations 
and septicopyemia present the physical signs typical of inflammation of 
the organs involved. 

In urinary tract involvement the patient may appear well or he may 
present varying degrees of toxemia and prostration. On palpation, 
moderate or severe tenderness is found, most frequently in either costo- 
vertebral angle, also in the flanks, along the course of the ureter or in 
any part of the abdomen. The infected kidney may be palpable and 
tender. The liver and spleen may be felt. 

Terminal Invasion, — The terminal invasion of the body by the colon 
. bacillus is rarely accompanied by physical signs other than unexplained 

I fever. 

Fever, — In colon bacillus infection the fever is high at the onset, fall- 
ing to normal in from 5 to 10 days. Some cases have a septic or irregular 
temperature curve of weeks' duration, showing wide daily variations. 
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The fever may be of an intermittent type. Bare cases show a course 
of fever similar to that of typhoid. It is rarely as high— 4t reaches its 
maximum in three or four days and declines to normal in two or three 
weeks. Enright and Bahr report cases in which the curve was of the 
relapsing type with pyrexia of 5 to 7 days, and remissions of 7 to 10 days. 

ChUls . — Chills are frequently observed at the onset and may occur 
at irregular intervals. Chills in infants and children are often due to 
this type of infection. 

Laboratory Findings. — moderate anemia of the secondary type 
is comihon in the prolonged, severe infections. 

There is generally leukocytosis if the infection is localized. The septi- 
cemias may show leukopenia. 

The colon bacillus can always be recovered from the blood in the 
septicemic type of the disease and frequently in cases of pyemia. Cabot 
and Crabtree have shown that it can be recovered from the blood in 
cases of pyelonephritis if the culture is made during or shortly after a 
chill. 

Urine , — Colon bacilluria occurs in a large proportion of the cases 
of septicemia or pyemia. 

In urinary tract infections the urine may appear normal or show 
only a few* bacilli or pus cells during the first forty-eight hours of the 
disease. This finding is the result if the infected kidney fails to ex- 
crete or if the urinary flow is blocked by calculus or other obstruction. 

When the infection has become established the urine is obviously 
turbid, due to pus ; or it may show a haze or shimmering, due to bacilli. 
In the latter case filtration through ordinary filter paper or sedimenta- 
tion does not aflPect the haze. The urine is commonly acid, although faint 
alkaline reactions may occur. Ammoniacal decomposition is never pres- 
ent because the colon bacillus does not decomi)ose urea. The specific 
gravity is high — a surprising contrast to the pale color of the specimen. 
Obvious hematuria is not common, being recorded in only 12 per cent of 
the cases by Culver, Herrold and Phifer. Albumin is generally present. 
The sediment shows bacilli and pus cells. Red blood cells may be pres- 
ent, and casts indicate renal involvement. 

The culture of the urine may be positive for colon bacillus even with 
a microscopically clear urine. The organism is generally present in 
turbid urines but it is possible to have a negative culture in these cases. 

Tissues, Sputum, Peritoneal Fluid, Pleural Exudate, Cerebrospinal 
Fluid . — The colon bacillus can be grown from the infected tissues and 
from sputum, peritoneal fluid, pleural exudate and cerebrospinal fluid. 

Special Examinations. — Cystoscopic examination is essential in uri- 
nary tract infections. By this means the ureters are catheterized, uro- 
grams and pyelograms are made, and the separate functions of the kid- 
neys are determined by either the phenolsulphonephthalein test of Rown- 
tree and Geraghty or the indigo carmine test. The phenolsulphone- 
phthalein test and the determination of the nonprotein nitrogen, urea or 
creatinin of the blood are valuable in determining the combined function 
of the kidneys. The dye excretion is especially sensitive in thiis disease, 
showing rapid variations from day to day. 

Oiagnoi^. — The diagnosis is established by the recovery of the o'oSon 
bacillus. The organism may be found in the blood, in exudat^ in p’m 
and in the tissues. It is found in the urine in kidney and bladmr inf^ ^ 
tions and in many localized infections remote titom rae uHntry 
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Serum agglutination does not have the important diagnostio dgnifi- 
canee in colon bacillus infections that it has in typhoid fever. The test is 
unreliable because of group reactions and the variable reactions given 
by the different strains. Using the homologous organisnl, Coleman and 
HSs^gs found that the reaction may occur in dilution of 1 : 100 in 
septicemia and that it disappears during convalescence. Dudgeon found 
that a positive reaction with the homologous organism was rare in oases 
of renal and peritoneal infection. W. J. Stone states that a positive 
reaction in a dilution of 1:40 is indicative of colon infection. 

Differential Diagnosis. — Colon bacillus baeteriemia is to be differ- 
entiated from typhoid <md paratyphoid fevers. The symptoms of the 
three diseases are practically the same, and differential diagnosis can 
be made only by the isolation and identification of the infecting organ- 
ism from the blood by the methods given in the section on Laboratory 
Diagnosis in the chapter on Typhoid Fever. 

The diagnosis of urinary tract infection presents several features. 
It is necessary to determine the location and severity of the disease 
process, to recognize the condition when the characteristic symptoms are 
absent and to differentiate it from other diseases of the genito-urinary 
tract and from diseases of the abdomen. Fever, abdominal or renal 
pain and frequent painful micturition are the leading symptoms, 
although they may often be absent or vague and refer to the abdominal 
organs. Tenderness of the costovertebral angle is frequent and pyuria 
is pathognomonic. In the severer types it is impossible clinically to 
define the disease as being limited to the bladder, renal pelvis or kidney, 
since all are more or less involved. Cystitis may exist as an entity for 
a few days, but if persistent, infection elsewhere in the tract is certain. 
Pyelitis, pyelonephritis and pyonephrosis present much the same clinical 
picture, although there may be some variation in severity and duration. 
They are differentiated by means of the pyelogram and the determina- 
tion of the function of the kidney. The condition of the ureter is de- 
termined by the insertion of the ureteral catheter or sound and by the 
urogram. 

In infants and children the characteristic urinary symptoms may be 
absent, the disease manifesting itself only by fever of a remittent or a 
continued type, or by fever with gastro-intestinal or nervous symptoms. 
The detection of pus and baciUi in the urine will clear up the diag- 
nosis. 

In the differentiation of colon bacillus infections from other diseases 
of the genitO’^rinar^y system, the x-ray, the cystoscope and the chemical 
and bacteriological examination of the urine from each kidney must be 
employed. Renal tuberculosis and urinary calculus are the conditions 
most liable to cause error. 

Tbe diagnosis of infections of the urinary tract by organisms other 
than the colon hacillus is determined by culture of the urine. Certain 
oHxdeal differences are observed. Streptococcus and staphylococcus 
infeetiona folloT^ tonsillitis, carbuncles and osteomyelitis, and they cause 
alkaline urine because of ammoniacal decomposition of urea. Colon in- 
fections, follow ^intestinal diseases and cause acid urine. In the coccus 
infections of the kidney the pus does not appear until twenty-four to 
fori^-eight hourii after the onset, and the phthalein output is normal for 
sevml di^s, while in colon infections the pus is found within the first 
ttv^ty-four hours and the phthalein output is diminished at once. 
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Pyelonephritis or suppurative nephritis may simulate acute abdom- 
inal inflammation. In the latter the pain is abdominal instead of renal, 
vomiting is present and tenderness and muscle spasm can be found. 
Confusion is more liable to arise in the case of children than in adults. 
The finding of pus or bacilli in the urine should make the diagnosis 
clear, though it is to be remembered that both conditions may exist. 

A large percentage of colon infections accompany or follow preg- 
nancy and confinement. They are admitted to the hospital, diagnosed 
as “puerperal fever. Sepsis, particularly puerperal sepsis, should be 
considered in the differential diagnosis. 

The diagnosis of appendicitis, cholecystitis, pei^tonitis and other 
local infections which may be due to the colon bacillus is considered in 
the various chapters devoted to the consideration of these diseases. 

Tuberculosis, malaria, influenza and relapsing fever are to be differ- 
entiated from the pyemic type of colon bacillus infection. Tuberculosis 
is distinguished by the pulmonary findings, the low white blood cell count 
and the demonstration of tubercle bacilli in the sputum. Malaria is dif- 
ferentiated.by the presence of the plasmodium in the blood. Influenza is 
a disease of short duration and ends quickly. Relapsing fet)er is diag- 
nosticated by finding the spirillum in the blood stream. None of these 
diseases are characterized by pyuria or bacilluria, which frequently occur 
in colon bacillus pyemia. The colon bacillus should be isolated if possible. 

The occurrence of the colon bacillus as a secondary invader is de- 
termined only by recovery of the organism by culture. It is rarely 
detected as a terminal invader. 

Complications and Sequelae. — ^Aside from extension of the infection 
by the blood stream, by the lymphatics or by continuity, complications 
do not occur. 

Association with Other Diseases. — Colon bacillus infection is almost 
always associated with certain other diseases. These are enumerated in 
the section on Etiology. 

Treatment. — Prophylaxis. — The colon bacillus is one of the or- 
ganisms that make up the normal intestinal flora. It becomes pathogenic 
by auto-infection under conditions either of increased virulence of the 
organism or of diminished resistance on the part of the host. The duty 
of the physician in the prophylaxis of colon bacillus infection is re- 
stricted to the recognition of the various general and local conditions that 
predispose to colon infections, and to anticipate and, if possible, guard 
against them. Unfortunately many cases occur without warning and 
we have no means of preventing them. 

Pathological activity of the colon bacillus should be anticipated: (1) 
in the prolonged fevers, especially typhoid, and in the acute exanthemata : 
(2) in acute enterocolitis, constipation, ulceration of the colon, intestinal 
tumors and parasites, hernia, anal fissure and after operations upon the 
intestines, rectum or anus; (3) in acute urethritis and cystitis, prostat- 
ism, urethral stricture, renal and vesical calculus, malformations, tumors, 
spinal cord disease and other conditions that may cause retention; (4) 
in pregnancy and after delivery; (5) following instrumentation of the 
urinary tract. 

Colon invasion of the urinary tract may be prevented in many of 
these conditions by the administration from time to time of urinary 
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antiseptics. Urinalysis at definite intervals should be made promptly to 
detect a bacilluria or a pyuria. Infection hy instruments and through 
open wounds in the region of the genitalia may be prevented by strict 
asepsis and cleanliness. Soiling of the genitalia with bowel contents 
is especially to be avoided in female infants atid young girls. Instru- 
mentation should be done only under the strictest aseptic precautions 
and should be followed by a liberal ingestion of fiuids and the admin- 
istration of hexamethylenamine. 

Treatment of Bacteriemia. — This is similar to the treatment of 
typhoid fever and does not require separate consideration. 

Treatment op Local Infections. — (1) Urinary Tract . — General 
Management. — Rest in bed with competent nursing until the urine is 
free from pus and bacilli is essential, although it is difficult to keep the 
patient at rest after symptoms have disappeared. The room should be 
kept warm and drafts and chilling of the patient avoided. Hot sponge 
baths may be given daily to aid elimination by the skin. The bowels 
should be kept free with appropriate cathartics. Calomel may irritate 
the kidney and should be avoided. If diarrhea is present its cause should 
be sought and proper therapy applied. 

Diet . — The protein intake should be low, as in nephritis, and renal 
irritants avoided. For the average adult 60 to 70 grams (2.12 to 2.47 
ounces) of protein per day should be the maximum. The required daily 
number of calories — 40 per kilogram of body weight — ^may be built up 
as in the diet for typhoid fever (p. 583, this volume) by the addition of 
carbohydrates and fats. Carbohydrates are of especial value as they 
spare protein loss and inhibit the growth of the colon bacillus in the in- 
testinal tract. 

In the absence of marked nitrogen retention milk is a suitable food. 
A liter contains 35 grams (1.23 ounces) of protein and yields 640 cal- 
ories. It acts as an efficient diuretic. With from one to three pints 
of milk as a basis the protein and caloric requirement may be obtained 
by the selection of articles with low protein percentage from the table 
of foods (Table 7) in the chapter on Typhoid Fever (p. 585, this volume). 
Vegetables and fruits may be added to the diet when the acute stage of 
the disease has passed. 


table I 

Low Protein Diet (Mosenthal) 

Salt, sugar and butter , may be used as desired and need not be 
weighed or measured. 

Breakfast: Sherry, 30 c.c. ; baked apple or orange; “hominy corn- 
starch cereal,'’ two-thirds hominy, one-third cornstarch; cream, 15 c.c. 

Dinner: Sherry, 30 c.c. ; potato, baked or mashed ; string beans, cab- 
bage, carrots, lettuce, onions, tomatoes, cucumbers, pickles; fruit corn- 
starch pudding or fruit tapioca pudding. 

Supper: Same as dinner. 
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TABLE n 

Nitrogen Content of Foods in Low Protein Diet 


Nitrogen (per cent) 

Cereal: 

Hominy cornstarch cereal’ ’ 
two-thirds hominy, one- 


third cornstarch 0.13 

Cream: 0.41 

Desserts: 

Apple tapioca pudding 0.02 

Blackberry cornstarch pud- 
ding 0.05 

Peach tapioca pudding O.OG 

Prune ^^ornstarch pudding . 0.07 


Nitrogen (per cent) 


Fruit: 

Baked apple 0.04 

Orange 0.16 

Stewed prunes 0.14 

V egetables : 

Cabbage 0.16 

Carrots 0.10 

Cucumber pickle 0.10 

Lettuce 0.24 

Onions 0.17 

Potato, baked 0.48 

Potato, mashed 0.40 

String beans 0.23 

Tomatoes 0.23 


Certain foods are renal irritants and should be rigidly excluded. 
These include preserved meats, beef tea, meat soups and broths, sauces 
and condiments, radislies, parsley, onions and asparagus. Tea, coffee 
and cocoa in moderation are not harmful. Alcohol in small quantity is 
not objectionable. Moaenthal finds that an ounce of sherry with each 
meal does not irritate the kidneys. 

(2) Local Infections Other Than the Urinary Tract. — The treat- 
ment of the local infections other than those of the urinary tract is 
surgical in a large proportion of the cases. If the infection has become 
generalized and beyond the reach of surgical methods, the symptomatic 
and supportive treatment as de.scribed for typhoid fever is to be em- 
ployed. {See p. 599, this volume.) A vaccine may greatly hasten the 
cure of draining abscesses or sluggish inflammatory conditions not re- 
sulting in abscess formation, but will not take the place of surgery when 
the latter is indicated. Terminal infections are rarely recognized and 
treatment is of little importance. 

Local Treatment. — Treatment of urinary tract infections by lavage 
of the renal pelvis and drainage by the inlying ureteral catheter has 
been perfected by modern urological technic and is of great importance. 
The method is as applicable to infants and children as to adults. While 
a general anesthetic may be neces.sary in a few cases, the procedure can 
usually be accomplished without this aid. The solutions used for lavage 
are silver zutrate 0.5 to 5 per cent, mercurochrome 1 to 2 per cent, 
potassium mercuric iodide 1 : 5,000 to 1 : 10,000, aciiflavine 1 : 10,000 and 
merozyl 1 : 5^000. The ureteral catheter may be left in place for, any 
time up to thirty days. While the effect of the catheter upon a ureter^ 
stricture is dubious, there is no doubt but that improved drainage of 
the renal pelvis results, and that the disease subsides much more rapidly 
under this treatment than by medicinal attack alone. Ureteral <^theteri-« 
zation is indicated in cases of long duration or marked severity or in 
casea that do not rapidly clear up under medical care. ‘ 

Treatment of Symptoms. — Pain of any degree of severity may oceur.^ 
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When mild, hot-water bottles or hot compresses will relieve. Aspirin 
or phenacetin may be given at the same time. In severe pain oodrine 
or morphine by the mouth or h^odermically will be necessary. Patn- 
ful urination a^d tenesmus — serious because they may cause retention — 
should be promptly relieved. Potassium citrate or acetate in doses suf- 
ficient to alkalinize the urine will give relief: 20 to 40 grains (1.8 to 
2.6 grams) every four hours, well diluted with water, may be given. 
A vesical sedative — ^tincture of belladonna or tincture of hyoscyamiuh— 
may be prescribed with the alkali. A suppository of extract of bella- 
donna leaves or extract of opium often acts well. Oil of santal, 5 to 10 
minims (0.3 to 0.6 c.c.), in capsule is a useful sedative for more pro- 
longed administration. 

Fever rarely requires symptomatic treatment. Hydrotherapy gives 
the best results. Phenacetin, 5 grains (0.324 gram), given every hour 
for two or three doses during the afternoon, will reduce the temperature 
and ease the discomfort of the pyrexia. Headache, vomiting, convulsions 
and other uremic symptoms are treated as in acute nephritis. 

Si'ECiFic Therapy. — Vaccines. — A certain degree of success has re- 
sulted from the administration of colon vaccines in urinary infections. 
Cabot has found that with vaccine treatment the symptoms are im- 
proved in about 50 per cent of the cases, and that results are equally 
good in both upper and lower urinary tract infections. The bacilluria, 
however, is not relieved, and relapse is frequent. An autogenpus vac- 
cine is to be preferred. 

The initial dose should not exceed 25 millions of bacilli, succeeding 
doses to be increased according to the clinical reaction of the patient, 
until a maximum dose of 600 million to 1,000 million is reached. The 
injections are given at intervals of from five to seven days. 

Medicinal Treatment. — ^Hexamethylenamine is the most efficient 
urinary antiseptic and is indicated in colon bacillus infections of the 
urinary tract and as a prophylactic in conditions liable to be followed 
by infection. The drug is not a urinary sedative and should not be relied 
upon alone in the presence of infection with bladder irritability and 
tenesmus. An acid urine is essential to the therapeutic action of the 
drug. 

The average dose of hexamethylenamine is to 10 grains (0.49 to 
0.65 gram) every five hours. It should be given on(;e during the night 
to maintain its action. It may be administered in quantities up to 30 
or 40 grains (1.95 to 2.6 grams). In large doses it may cause frequent 
and painful micturition and hematuria. If these ^mptoms should oc- 
cur the remedy -should be discontinued and alkali given. Adidity of the 
urine may be assured by the simultaneous administration of acid sodium 
phosphate, in dosage of from 10 to 20 grains (0.65 to 1.3 grams). 

Itodinm bensoate is an efficient urinary antiseptic in colon bacillus 
infections. The dose is 5 to 10 grains (0.324 to 0.65 gram) four to six 
times a day, given in pill or capsule. 

The use of the alkaline diuretics has been considered. They should 
not be given with hexamethylenamine. The administration of the al- 
kalis and hexametliylenamine on alternate weeks has been advised on 
the tiieory that the change in the reaction of the urine inhibits the growth 
of the bacilli. In our personal experience the plan has not been very 
saMsfactory. 

Kercurochrome is sometimes useful in infections of the urinary tract 
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that do not yield readily to other measures. It is used in dilution of 
one per cent in fifty per cent dextrose solution and should be freshly 
prepared. Ten cubic centimeters is the usual dose and this may be re- 
peated at two- or three-day intervals. It is essential that a sharp febrile 
reaction be provoked, and if this does not result from a 10-c.c. dose a 
larger one — up to 25 c.c. — may be given. Not over five successive doses 
should be injected. 

Surgical Indications. — The acute stage of colon bacillus infection of 
the kidney rarely demands surgical intervention. In pyonephrosis, 
nephrectomy is the only recourse. The surgical indication is determined 
by cystoscopic examination. 

Management of Convalescence. — Active treatment should be con- 
tinued until all signs of disease have disappeared. It is not enough to 
relieve the symptoms ; pyuria and bacilluria should disappear before the 
patient can be discharged as cured. During convalescence the factors 
predisposing to recurrence of the infection should be corrected. 

Prognosis. — Mode of Death. — The disease terminates by sepsis. 

Mortality. — In Jacob's series of 39 cases of bacteriemia and septi- 
copyemia 15, or 40 per cent, died. In Cabot’s series of 8 cases taken 
from the wards of the Massachusetts General Hospital, 25 per cent died. 
In the cases of Felty and Keefer the mortality was 32 per cent and in 
Widal and Fernierre’s series, 25 per cent. Bacteriemia and septicopy- 
emia due to the Bacillus coli are therefore serious diseases with a high 
mortality. 

The mortality of local infections depends upon the tissue or organ 
invaded and the virulence of the infection. Primary, uncomplicated 
colon infection of the urinary tract does not have a high mortality. 
Appearing as a complication of calculus, prostatic hypertrophy or other 
pathology, the outlook is serious. 

Recovery after infection of the lower urinary tract depends upon 
the nature of the individual case. Without free drainage of the in- 
fected areas the condition tends to become chronic and to persist indef- 
initely. Reinfections are common. Infections of the pelvis of the kid- 
ney arc very apt to relapse and become chronic. Renal infections of 
mild type may recover completely in a few weeks. The more severe 
lesions, however, heal by scar formation and may leave little renal tissue. 
Pyonephrosis results in complete destruction of the kidney. 

Pathology. — The lesions caused by the colon bacillus vary from a 
mild inflammatory reaction to abscess formation. Microscopically there 
is an exudate of lymphocytes or polymorphonuclear leukocytes with 
serum and eosinophile cells, and the organism can usually be seen in 
the stained section. The process terminates in sclerosis or scar tissue. 
According to Mallory, the lesions in general are mild, though acute and 
intense reactions may occur. 

The lesions of the kidney have been fully described by Cabot and 
Crabtree. In the pelvis the mucous membrane is reddened, granular and 
dull. Microscopically the mucosa is thickened and the submucosa is in- 
filtrated. Bacilli can be found in the submucosa. Simple pyelonephritis 
show s a kidney which is slightly enlarged. The capsule is thickened but 
strips easily and the cut surface is pale. Microscopically the tubules are 
dilated and hyaline degeneration is present. There is lymphocytic or 
polymorphonuclear infiltration of the interstitial tissue. The glomeruli 
are not damaged unless they are situated in the center of an infected 
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area. The process begins in the pyramids and spreads toward the cortex 
and pelvis. When the infection is more severe the cortex is mottled and 
the medullary portion shows many yellowish-red or opaque pinhead- 
sized areas from which bands and streaks extend toward the pyramids. 
These areas are seen microscopically to be the centers of degeneration 
and necrosis. True abscess formation in the kidney due to the colon 
bacillus alone is rarely, if ever, observed. In cases of long duration 
the pelvis and ealices are much dilated and contain dirty purulent urine 
or, in the case of pyonephrosis, a thick ropy pus. The kidney tissue 
is diminished in amount and shows areas of scar tissue. 

In the liver cholangitis and abscesses result from colon bacillus in- 
fection. Microscopically exudation of serum and polymorphonuclear 
leukocytes with necrosis are seen in the tissues surrounding the ducts. 
Cirrhosis confined to the periphery of the lobules follows the inflam- 
mation. 

In the peritoneum the inflammation tends to remain localized and is 
not of a severe type. Rare cases of chronic peritonitis with dense ad- 
hesions and caseating, tubercle-like masses due to the colon bacillus have 
been observed. 

Historical Summary. — The Bacillus coli was first cultivated by Em- 
merich, in 1885, from the feces of cholera patients, and it was cultivated 
from the feces of healthy infants by Escherich, in 1886. The organism 
was first observed outside of the intestinal tract by Tavel, who recovered 
it from the wound of an operation upon the thyroid. During the de- 
velopment of the science of bacteriology the Bacillus coli was recovered 
from various tissues, Rovsing having furnished the most complete early 
studies on its pathogenicity. The invasion of the blood stream by the 
Bacillus coli was first reported in detail by L. Jacob, in 1909, who ob- 
served a series of cases of continued fever and pyemia due to this or- 
ganism. Except in the case of urinary tract infections, comparatively 
little study has been devoted to this bacillus as a cause of disease. 
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